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1 Introduction 
 
1.1 Introduction and historical aspects 
 
 The discovery of the element Phosphorus is the earliest for which its discoverer is known. 
In 1669, the Hamburg physician and alchemist Henning Brand was the first to obtain elementary 
Phosphorus. Brand searched for the “philosopher’s stone”, a substance which supposedly 
transformed base metals (such as iron) into gold. He discovered an unusual substance in human 
urine which he named “cold fire” on account of its fascinating properties. Afterwards, the 
substance was named Phosphorus (from Greek phόsphoros = “light bearing”). The method of 
producing Phosphorus by evaporating urine was generally adopted until 1775, when C. W. 
Scheele prepared it from bones, which had been shown by J. G. Gahn in 1769 to contain calcium 
phosphate. 
 Nowadays, it is known that Phosphorus is an essential nutrient for plants, humans, and 
animals, and that in the form of its chemical compounds it is one of the most widely distributed 
element. But Phosphorus was also described as “The Devil's Element” due to its suitability for 
use in the production of incendiary bombs and nerve gases as well as the environmental problems 
arising from the increasing over-fertilization of surface waters. 
 Although structures with low-coordinated phosphorus atoms and pπ-pπ bonds were 
postulated relatively early for compounds such as: Ph-P=P-Ph or Ph-P(=O)2, the interests of 
chemists at the beginning of the century were concentrated almost exclusively on syntheses and 
properties of three-, four-, and five- coordinated (σx) compounds of three-, four-, and five- valent 
(λx) phosphorus of the types illustrated schematically by the structural skeletons a – d: 
 
P P P P
 
  σ3λ3-P   σ4λ4-P   σ4λ5-P  σ5λ5-P 
      a      b      c     d 
 
The starting point for the chemistry of low- coordinated phosphorus compounds was in 1961, 
when Gier synthesised the phosphaacetylene H-C≡P (unstable by room temperature).[1] Three 
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years later, Dimroth and Hoffmann[2] prepared the first stable examples of a compound containing 
a two- coordinated, three- valent phosphorus atom (σ2λ3-P): the phosphamethine cyanide cations 
A. In 1966 Märkl synthesized the triphenylphosphabenzene B[3] and in 1971 Ashe prepared the 
parent compound phosphabenzene C.[4] 
 
N
S S
N
P
R R
R´R´
P
Ph
PhPh P
 
   A    B    C 
 
The first stable phosphaalkene D was synthesized by Becker in 1976:[5]  
 
 
R P C
O-SiMe3
tBu  
P C
 
           D    σ2λ3-P 
 
 Mainly thermodynamic and kinetic effects are required to support the stability of the low 
coordinated compounds. The thermodynamic stabilization consists of including the (p-p)π bond in 
a conjugate system (A-C), the kinetic stabilization can be obtained using bulky substituents such 
as: tbutyl, trimethylsilyl, adamantyl, or 2,4,6-tri-tbutyl groups. The stability of acyclic 
compounds with localized P=C bonds depends on electronic influences of the ligands. It has been 
shown that an overlap of the p-orbitals is possible within the π system if the substituent is able to 
reduce the polarity of the P=C bond by counteracting M- or I- effects. 
 
 
1.2 Formation of the P=C double bond 
 
a) by 1,2 elimination 
One of the main preparative procedures for phosphaalkenes consists of 1,2 elimination from a 
suitable precursors. Molecules with substituents showing inverse polarities may give 
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thermodynamically favored leaving molecules XY. The formation of XY is initiated by bases or 
metals.[6-9] 
R~P C
R1
R2
P
R
C
X
Y
R2
R1
X = F, Cl, Br, I;    Y = H, Cl, SiMe3
, base or metal
- XY
 
 
b) by condensation reactions 
P=C double bonds can be also prepared by condensation under formation of halosilane, 
disiloxane[10] or even water.[11,12] 
 
P
SiMe3
SiMe3
R O C
R2
R1
- (Me3Si)2O
+ R~P C
R1
R2
R = alkyl, aryl; R1 = H; R2 = Me2N, Ph  
 
c)  by 1,3- trimethylsilyl migration 
Another procedure available for the preparation of P=C bonds is related to the easy migration of 
phosphorus- bonded silyl functions towards an α- positioned, doubly- bonded element such as N, 
O or S. By this silatropic movement the double bond is shifted to the phosphorus atom along with 
the formation of a stable silicon- element bond.[5] 
 
P
X
R1
Me3Si
R
1,3-silatropy
~ SiMe3
R~P C
X
R1
SiMe3
 
 
d)  by carbene addition  
Supermesityl phosphine can be converted to the phosphaalkene using strong alkaline solutions of 
chloroform or dichloromethane. A carbene addition mechanism is most likely for this 
reaction.[13,14] 
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Mes* PH2 + CHCl3
2 KOH
- KCl
- 2 H2O
Mes*~P C
Cl
H
Mes* PH2 + CH2Cl2
2 KOH
- KCl
- 2 H2O
Mes*~P CH2
 
 
1.3 Coordination chemistry of phosphaalkenes 
 
1.3.1  Metal complexes of monodentate phosphaalkene ligands 
 
Ab initio STO/3G calculations[15-18] and limited photoelectron spectroscopic results on 
phosphaalkenes both indicate that the phosphorus lone pair and π-orbitals are very close in 
energy, with the π-orbital probably as the HOMO in the parent compound CH2=PH and with the 
π*-orbital as the LUMO. 
Phosphaalkenes may coordinate to transition metals (or occasionally main group metals) 
in various ways: via the free electron pair of the phosphorus atom (η1 coordination, type A),[19-21] 
via the π system (η2 coordination, type B)[22,23] or combining these two possibilities (type C).[24,25] 
 
P C
M
P C
M
P C
M
P C
MM
 
η
1; type A   η2; type B   η1, η2; type C 
 
 
§ η1 coordination 
These were the first types of phosphaalkene complexes to be reported by Kroto and Nixon[26] and 
Bickelhaupt[19] and their co-workers utilizing the stable phosphaalkene Ph2C=P(Mes) (Mes = 
mesityl). Phosphaalkene complexes of type A show shifts which differ less from the free 
phosphino phosphorus, but this time more to the higher field. Coordination compounds of type A 
have been reported for Cr(0),[19,27] W(0),[20,26] Fe(0),[14,28] Ni(0),[29] Rh(I), Pt(II), and 
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Pd(0).[20,22,26,30] The majority of these complexes are synthesized by ligand displacement in the 
corresponding metal carbonyl complexes or by bridge cleavage reactions in dinuclear species. 
 
§ η2 coordination 
The first example of this type of complex was [Pt(PPh3)2((Mes)CPh2)]
[30] in solution, where the 
characteristically low value of lJPPt(alkene) (505 Hz) was diagnostic of the side-bonded 
phosphaalkene. The X-ray structure analysis indicated that the complex was η1 coordinated. In an 
interesting application of MAS NMR spectroscopy, the solid-state structure was later confirmed 
and a lJPPt(alkene) of 4720 Hz was recorded.
[31] 
 
P CMes P CMes
Pt
Ph3P PPh3
Pt
Ph3P PPh3  
 η
2 (solution)       η1 (solid state) 
 
The properties of type B complexes are determined by the back donation into the unoccupied π* 
molecule orbital (LUMO) of the double bond. This strengthens the metal – ligand bond, as 
proved by a shorter interatomic distance, and weakens the double bond, as is evident by a 
lengthened PC distance. 
 
§ η1, η2 coordination 
This type of bonding was first reported by Mathey et al[24] and the confirmation came from an X-
ray study where the PC bond length (1.78 Å) lies between that of a single bond (1.85 Å) and a 
double bond (1.67 Å). 
P
CH3H3C
W(CO)5
(CO)5W
 
 
The coordination mode of the phosphaalkenes with metals depends on the nature of the 
other ligands. For instance Ni(CO)4 reacts with Ar-P=CPh2 forming one type A (η
1) complex 
while 2,2`-bipyridyl-nickel with the same phosphaalkene yields the type B (η2) complex.[29] This 
difference can be explained by the finding that CO ligands with good π-acceptor properties 
Introduction                   6 
reduce the dative interaction with the π* LUMO of the phosphaalkene. Consequently the η2- 
coordination is destabilized by CO ligands while the week π-acceptor 2,2`-bipyridyl promotes the 
η
2- coordination of the metal. 
 
P C
Ph
PhAr
Ni
OC CO
OC
P C
Ph
PhAr
(bipy)2Ni
 
 
The first two π- coordinated phosphaalkene Ni complex was prepared reacting Ni(CO)4 with 
(Me3Si)2C=P-Cl.
[32] 
 
 
 
Interesting examples of (η2-phosphaalkene) nickel complexes have been obtained from the 
unstable [η1-(dipheny1phosphino)phosphaalkene]nickel tricarbonyl precursors, which readily 
dimerize at room temperature to cyclic complexes whose structure has been established (for R = 
Me3Si) by X-ray diffraction studies.
[32] 
P
Ph
P
Ph
C
R
SiMe3 2 Ni(CO)42 P
Ph
P
Ph
C
R
SiMe3
Ni(CO)3
- 4 CO
Ph2P
P
Ni
PPh2
P
Ni
CO
CO
C
C
R
SiMe3
Me3Si
R
R = SiMe3, Ph 
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1.3.2 Metal complexes of bisphosphaalkene ligands 
 
 The first steps in the synthesis and coordination chemistry of bidentate organophosphorus 
compounds containing low coordinated phosphorus atoms (phosphaalkenes) were made by 
Geoffroy et al
[33] who reported in 1992 the synthesis of a kinetically protected bisphosphaalkene 
and the corresponding Pd(II) complex, where the ligand behaves as a classical “pincer” and an 
orthometallation occurs with the release of HCl: 
 
P P
Mes*Mes*
Pd(PhCN)2Cl2
P P
Mes*Mes*
Pd
Cl  
 
Similar results on phenylphosphaethenes carrying two to four P=C double bonds on a benzene 
ring were reported by Yoshifuji et al.[34] The group of Yoshifuji was also focused on the synthesis 
and use in coordination chemistry and catalysis of 1,2-diaryl-3,4-bis[(2,4,6-tri-tert-
butylphenyl)phosphinidene]cycobutenes (DPCB-Y, Y stands for the functional group grafted at 
the para position of the aryl substituents).[35-39] Various Pd(II) and Pt(II) derivatives of DPCB-Y 
were prepared after classical procedures that involve displacement reactions of ligands with the 
[MCl2(MeCN)2],
[42] [PtMe2(SMe)2]2 and [PdMe2(tmeda)] (tmeda = N,N,N`,N`-
tetramethylethylene diamine) precursors which function as a source of MCl2 and MMe2 
fragments (M = Pd, Pt), respectively.[43,44] 
The PdMe2 derivatives were inactive in ethylene polymerization process but their 
corresponding cationic monomethyl complexes, which were generated in situ by treatment with 
H(OEt2)2BAr4 [Ar = 3,5-(CF3)2C6H3], showed a good activity.
[40] Another important application 
of DPCB-Y ligands in catalysis deals with the dehydrogenative silylation of ketones.[41] Dialkyl 
and alkyl-aryl ketones readily react with HSiMe2Ph at 50 °C in the presence of catalytic amounts 
of the cationic PtMeOTf (vide supra) and pyridine to yield the corresponding silyl enol ethers as 
dehydrogenative silylation products. 
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PP
Ar Ar
Mes*Mes*
PP
Ar Ar
Mes*Mes*
M
MeMe
HOTf
MMe2 source
PP
Ar Ar
Mes*Mes*
M
OTfMe
M = Pd, Pt
1/2 [Pd(η3-C3H5)(µ-Cl)]2
AgOTf
PP
Ar Ar
Mes*Mes*
Pd
DPCB-Y
TfO
- CH4
 
In 2005, C. Volkholz reported in his PhD thesis the first crystallographically characterized 3-aza-
2,4-diphospha-1,4-pentadiene and its nickel carbonyl complex:[45]  
 
N
N
P P
C(SiMe3)2
C(SiMe3)2
N(SiMe3)2
Ni(CO)4
N N(SiMe3)2N
P
P
(SiMe3)2
C
(Me3Si)2C
Ni
Ni
CO
CO
CO
OC
OC
 
 
and in 2009, du Mont et al succeeded in the isolation and characterization of the first stable N-
(trimethylsilyl)iminobis(phosphaalkene) [(iPrMe2Si)2C=P]2NSiMe3 which reacts with Au and Rh 
precursors, under Si–N bond cleavage and chlorotrimethylsilane elimination, to yield the 
binuclear Au and Rh complexes:[46] 
 
Introduction                   9 
P
N
P
C(SiMe2iPr)2
C(SiMe2iPr)2
SiMe3
P
(iPrMe2Si)2C
N
P
(iPrMe2Si)2C
Au
Au P
C(SiMe2iPr)2
N
P
C(SiMe2iPr)2
- SiMe3Cl
- tht
 Au(tht)Cl
(iPrMe2Si)2C P
N
P
Rh
C(SiMe2iPr)2
Rh
Cl
[Rh(cod)Cl]2
- SiMe3Cl
 
 
 
1.4 Coordination chemistry of bis(phenylphosphino)amines  
 
The role of metal-phosphine complexes in homogeneous catalysis is a fertile area of 
research.[47] Organometallic compounds containing diphosphinomethane ligands(X2PCH2PX2) 
have been investigated extensively for more than two decades.[48,49] Interest in analogous 
diphosphinoamine ligands (X2PN(R)PX2) has been growing rapidly in recent years.
[50,51] 
Compared with diphosphines with the P–C–P linkage, bis(phosphino)amines with P–N–P 
skeletons have proved to be much more versatile ligands, and varying the substituents on both the 
P- and N-centers gives rise to changes in the P–N–P angle and the conformation around the P-
centers. Small variations in these ligands can cause significant changes in their coordination 
behaviors and the structural features of the resulting complexes. A structural characteristic of 
most of these ligands is that the electrons in the lone pair at the P-center point towards each other, 
indicating that these ligands prefer to adopt a bidentates chelating bonding mode as opposed to 
adopting bridging coordination geometries.[52-54] This feature enables the synthesis of a wide 
range of four-membered ring systems containing transition metals such as Pd, Pt, Mo, Cu, Cr, Ni 
and Ru, which have potential uses in catalysis.[55-58] 
Reviews on the coordination chemistry of bis(diphenylphosphino)amine (Ph2P)2NH
[59] or 
bis(phosphino)amines[60] have been published by Woollins and Krishnamurthy, respectively. 
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1.5 The basic principles of NMR spectroscopy 
 
  31P NMR spectroscopy is nowadays an important and routine analytical method for 
compounds containing phosphorus.[61] In this work 31P NMR spectroscopy played an important 
role in characterising compounds and in monitoring reactions by 31P NMR directly from the 
reaction mixtures. The 31P nucleus is ideally suited for applications of NMR techiques[62] because 
this is the only stable isotope of phosphorus and it has a spin of ½.[61-67] 
 
1.5.1 The physical basis of NMR spectroscopy 
 
Most nuclei possess a nuclear or intrinsic angular momentum P. Quantum mechanical 
considerations show that the angular momentum is quantized: 
 
P = ћ[I(I+1)]1/2;   ћ = h/2π;  h = 6.6256 x 1034 (Planck`s constant); 
I = angular momentum quantum number (nuclear spin) 
 
The angular momentum P has associated with it a magnetic moment µ:  
 
µ = γ P;   γ = gyromagnetic ratio 
 
The detection sensitivity of a nuclide in the NMR experiment depends on γ, nuclides with a large 
value of γ are easy to observe and those with a small γ are said to be insensitive. 
 
Nuclide 
Spin 
(I) 
Natural abundance [%] 
Gyromagnetic ratio γ 
[107 rad T-1s-1] 
NMR frequency 
[MHz] 
1H 
13C 
29Si 
31P 
77Se 
195Pt 
103Rh 
109Ag 
19F 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
99.98 
1.108 
4.7 
100 
7.58 
33.8 
100 
48.2 
100 
26.75105 
6.72804 
- 5.3146 
10.84015 
5.115 
5.80466 
- 0.84579 
- 1.25001 
25.18034 
200.1 
50.3 
39.7 
81.0 
38.1 
43.0 
6.3 
9.3 
188.2 
Properties of some nuclides used in this paper 
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1.5.2 Parameters of NMR spectroscopy 
 
The magnitude of chemical shielding, since it arises from the interaction of the electrons 
surrounding the nucleus with the spectrometer field, depends on the strength of the spectrometer 
field. Since different laboratories use magnets of different field strengths chemical shielding is 
normally reported as the shift of the resonance line from that of a reference compound, the 
chemical shift. It is convenient to give the chemical shift as a fraction of the applied magnetic 
field, in parts per million, from a standard reference, the δ scale, since this gives the chemical 
shift in a form independent of the applied field: 
 
∆ = (νobserved – νreference)/ νreference x 10
6 
 
The factor 106 is introduced in order to simplify the numerical values, and because of it δ values 
are always given in parts per million (ppm). 
In inorganic chemistry it is difficult to predict the chemical shift since many competing 
factors such as oxidation state, nature of the ligands, nature of the bonding, and charge, have to be 
taken in consideration. In this way the chemical shift can tell us about differences in oxidation 
state, the nature and position of bonded atoms and about geometric factors. 
Important information on connectivity within a molecule is carried by the symmetrical 
multiplet splittings due to J coupling (indirect spin-spin coupling) of nearby non-equivalents 
nuclear spins. Nuclear spin-spin coupling is produced by an indirect interaction between the spins 
of neighbouring nuclei via the valence electrons of the molecule. The first nucleus perturbs the 
electrons and these in turn produce a magnetic field at the second nucleus.[64] The splittings (J/Hz, 
where J is the coupling constant) are independent of the applied field, as expected for an 
intramolecular interaction. Indirect methods show that the coupling constant can be either 
positive or negative, but the sign is not normally evident in the NMR spectrum.[63] 
As a result for the great importance of the phosphorus- transition metals complexes in the 
preparatory chemistry (e.g. Homogeneous catalysis), the coupling constants with the most 
magnetic active transition metals are known.[67-69] Especially substantial are the data for the 
transitional metals with a nuclear spin I = ½ and a high natural abundance, for example: 103Rh, 
107Ag, 109Ag, 183W, 195Pt and 199Hg. 
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1.5.3 Phosphorus- rhodium coupling 
 
The 1JPRh values (I = ½, 100 % natural abundance) are negative. In the square planar Rh(I) 
complexes (dsp2 hybridization) of the type Rh(CO)X(PR3)2 the 
1
JPRh values are between – 100 and 
-200 Hz. The coupling constants are increasing with the growing of the electronegativity of the 
ligand.[70,71] The chloro- bridged rhodium dimers have coupling constants up to 300 Hz.[72,73] 
 
  
Rh
CO
Cl
P(CH3)2C6H5
C6H5(H3C)2P
       
Rh Rh
Cl
Cl
(H3CO)3P
(H3CO)3P
P(OCH3)3
P(OCH3)3  
 
       1
JPRh = - 188 Hz          
1
JPRh = - 295 Hz 
 
The octahedral Rh (III) complexes are showing in meridional arrangement differences in P,Rh 
coupling,[74] whereas the 1J values for the phosphorus atoms trans to chlorine are between 80 and 
100 Hz.[74-76] 
Rh
P(C2H5)3
Cl Cl
Cl
P(C2H5)3(C2H5)3P
    
Rh
P(C2H5)3
ClCl
(C2H5)3
1P
2P(C2H5)3
Cl
 
 fac       mer 
 
1
JPRh = 113 Hz      
1
JP1Rh = 112.1 Hz 
       1JP2Rh = 8.3 Hz 
The same observation is available for the octahedral Rh complexes with a trans 
arrangement of the phosphorus atoms.[77] 
 
Rh Rh
Cl
Cl
Cl
Cl
C6H5(CH3)2
2P P(CH3)2C6H5
P(CH3)2C6H5
P(CH3)2C6H5
C6H5(H3C)2P
C6H5(CH3)2
1P
  
Rh Rh
Cl
C
O
(C6H5)2
1P P(C6H5)2
P(C6H5)2(C6H5)2P
COOC
 
 
1
JP1Rh = 119 Hz     
1
JP1Rh = 118.3 Hz
[81] 
1
JP2Rh = 8.3 Hz      
3
JP1Rh = - 24.1 Hz 
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1.5.4 Phosphorus- platinum coupling 
 
Phosphorus- platinum compounds are very intensive explored.[67,68,78,79] The couplings 
between phosphorus and platinum 195Pt (nuclear spin I = ½) in 31P- NMR spectra are very easy to 
determine due to the high natural abundance of platinum (33.8 %). 1JPPt values are positive but 
3
JPPt values are negative.
[84,85] 1JPPt values are between 60 and 9000 Hz, in general Pt(0) 
complexes are having the largest couplings (3000 to 9000 Hz) and Pt(II) (1400 to 5000 Hz) and 
Pt(IV) (1000 to 2000 Hz) the smallest couplings. 
Exception from this dependence of the oxidation state are for example two Pt(0) 
complexes with very small 1JPPt values: 
 
C
1P
tBu
Pt
P(C6H5)3
P(C6H5)3
   
C
1P
C6H5
Pt
(C6H5)3
P
2P
(C6H5)3C6H5  
 
1
JP1Pt = 62 Hz
[82]    1JP1Pt = 264 Hz
[83] 
1
JPPt = 3587.3 Hz; 3206 Hz   
1
JP2Pt = 3071 Hz 
 
Anionic Pt(II) complexes are showing very large 1JPPt values as a result of the 
electronegativity of the substituents.[80]The values are increasing in the series Cl > Br > I. 
 
[PtX3(PF3)]
-  
 
 
 
 
 
 
 
The trans effect in the platinum complexes has a very pronounced influence,[86-88] differences of 
more than 2000 Hz are observed between isomers.  
 
 
X 1JPPt (Hz) δP (ppm) 
Cl 
Br 
I 
7464 
7257 
6959 
50.2 
52.1 
60.3 
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Pt
P(C2H5)3Cl
Cl P(C2H5)3     
Pt
(C2H5)3P Cl
Cl P(C2H5)3  
     1
JPPt= 4405 Hz         
1
JPPt = 2400 Hz 
 
Large 1JPPt values are observed for the trans substituents with a higher electronegativity. In this 
example the trans 1JPPt values are considerably larger than cis 
1
JPPt values.
[89] 
 
N
Pt
(C6H5)2
P
P
(C6H5)2
H3C
R
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R 1JPPt (Hz) (trans to CH3) 
1
JPPt (Hz) (cis to CH3) 
N(CH3)2 
H 
CN 
1712.9 
1720.4 
1728.8 
3654.8 
3736.8 
3822.2 
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2 Objectives 
 
 
 The carbon-bridged bidentate phosphaalkenes such as Yoshifuji’s strongly π-accepting 
1,2-diaryl-3,4-diphosphanylidenecyclobutene (DPCB) ligands play an important role in modern 
coordination chemistry and catalysis.[208,209] The initial objective of the present work was to 
synthesize and study the coordination chemistry of the imino(bisphosphaalkenes) of the type 
(Me3Si)2C=P-N(R)-P=C(SiMe3)2. The electronegative nitrogen substituent is expected to enhance 
the π-acceptor properties of the P=C bond.[103] These compounds proved to be thermally unstable 
and we focused our attention on the synthesis, characterisation and coordination chemistry of 
“hybrid” P-phosphanylamino-phosphaalkene ligands (Me3Si)2C=P-N(R)-PPh2. These ligands 
combine the features of catalytically significant, small-bite-angle iminobis(phosphine) ligands 
RN(PPh2)2
[212-214] with those of the above mentioned DPCB ligands and should show an 
interesting coordination chemistry. 
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3 Results and discussion  
 
3.1 Reactivity of the 1-aza-2-phosphaallyl anions toward P-
chlorophosphaalkenes (reaction pathway to imino-bridged 
bisphosphaalkenes) 
 
3.1.1 Introduction 
 
 Multiply unsaturated organophosphorus compounds are useful tools in coordination 
chemistry and catalysis, but as energy-rich compounds they are also excellent starting materials 
for cycloaddition reactions leading to heterocycles, cages, and polymers.[90-93] The 2,3,4-
triphosphapentadienide anion [(Me3Si)2C=P]2P
- (Scheme 3.1.1, A),[94] that allows electronic 
communication between the π-systems (P=C bonds) of two neighbouring phosphaalkene 
moieties, is a precursor to P3C2 heterocycles and bicycles.
[94] Its heavier 3-arsa congener 
[(Me3Si)2C=P]2As
-[95] as well as isoelectronic uncharged species [(Me3Si)2C=P]2E (Scheme 3.1.1, 
B)[96,97] are also known, but nitrogen-bridged derivatives (2,4-diphospha-3-azapentadienes) are 
extremely rare. [Ph(Me3Si)C=P]2N(nC3H7),
[98] the first N-alkyl-2,4-diphospha-3-azapentadiene 
reported in the literature is thermally instable and the 2-[6-bis(trimethylsilyl)amino]pyridylimino-
bridged bisphosphaalkene (Scheme 3.1.1, C) was the first stable N-bridged bisphosphaalkene 
characterised by NMR spectroscopy and X-ray diffraction study.[45] The presence of bulkier silyl 
groups (iPrMe2Si) at carbon
[96,99-101] (Scheme 3.1.1, D) enhances the thermal stability of the 
compounds. 
 
P
E
P SiMe3
SiMe3
Me3Si
Me3Si
P
E
P SiMe3
SiMe3
Me3Si
Me3Si
E= P, As E= O, S, Se  
  A B 
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P
N
P SiMe3
SiMe3
Me3Si
Me3Si
N
(Me3Si)2N
P
N
P SiMe2iPr
SiMe2iPr
iPrMe2Si
iPrMe2Si
R
R= tBu, 1-Ada, Mes*
 
 C D 
Scheme 3.1.1 Heteroatom-bridged bisphosphaalkenes 
 
 Attempts to prepare compounds related to the instable compound 
[Ph(Me3Si)C=P]2N(nC3H7) according to Appels` method,
[98]
 P-chlorophosphaalkene/primary 
amine, using (Me3Si)2C=PCl instead of Ph(Me3Si)C=PCl as a starting material,
[102] were failing, 
and aminophosphaalkenes (Me3Si)2C=PNHR with bulkier substituents at nitrogen (R = tBu, 
SiMe3
[103]) were unreactive under amine liberation conditions.[104] Deprotonation of the 
aminophosphaalkene (Me3Si)2C=PN(H)tBu
[103] (by alkali metal chloride elimination) followed 
by coupling of the in situ-prepared anion [(Me3Si)2C=PNtBu]
-[99,104] with P-chlorophosphaalkene 
resulted in the formation of the thermally instable imino-bridged bisphosphaalkenes which tend 
to isomerise by cyclisation with silyl group migration.[99] 
 
 
3.1.2 Aminophosphaalkenes 
 
Since the first reports[5,6] in the late 1970s of the synthesis of stable methylenephosphines 
or "phosphaalkenes", RP=CR2, the chemistry of these species have been developed to a 
considerable extent.[17,28,105-108] The synthesis of the first aminomethylenephosphines, in which an 
amino group is also attached to the sp2-hybridized phosphorus center was reported by Niecke in 
1981,[109] and in 1991 Chernega presented the first X-ray structure of an aminophosphaalkene 
bearing the (Me3Si)2C=PN moiety:
[110]  
 
Mes*
N
SiMe3PMe3Si
Me3Si
 
Scheme 3.1.2 First X-ray characterised aminophosphaalkene[110] 
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The aminophosphaalkenes are synthesized almost exclusively by aminolysis of the P-Cl 
bond using a precursor that already contains the P=C double bond, namely the 
chloromethylenephosphine compound 1. The aminolysis of the P-Cl bond of 1 can be 
accomplished in four different ways: Si-N bond cleavage (eq. 1), simple aminolysis using excess 
tert-butylamine (eq. 2) or triethylamine (eq. 3) as a base, and nucleophilic substitution with 
lithium amides (eq. 4). 
 
P
ClMe3Si
Me3Si
1
Me3SiNRR´ P
NRR`Me3Si
Me3Si
RNH2/NEt3
P
NHRMe3Si
Me3SiRNH2 (exc.)
LiNRR´
P
NRR´Me3Si
Me3Si
P
NHRMe3Si
Me3Si
(eq. 1)
(eq. 2)
(eq. 3)
(eq. 4)
- SiMe3Cl
- NEt3HCl
- RNH3Cl
- LiCl
 
Scheme 3.1.3 Different pathways leading to aminophosphaalkenes[98,111,112] 
 
In 1984, Markovski reported the first synthesis of an aminophosphaalkene without P-Cl 
bond aminolysis,[113] (Me3Si)3CLi was reacted with iminophosphine of type (Me3Si)2NP=NR. 
This latter process occurs via displacement of the (Me3Si)2N
- moiety from phosphorus, followed 
by migration of a Me3Si group from carbon to nitrogen. 
 
N P
Me3Si
Me3Si N R
+ (Me3Si)3CLi
- (Me3Si)2NLi
C P
Me3Si
Me3Si N RSiMe3
P
N
Me3Si
Me3Si SiMe3
R
SiMe3 migration
 
Scheme 3.1.4 Markovski`s aminophosphaalkene synthesis [113] 
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Elimination of HCl from aminophosphines,[114-116] 2:1 reaction of NaN(SiMe3)2 with 
alkyldichlorophosphines[117,118] or addition of (Et2N)2AsCl to a phosphaalkyne
[119] are further 
methods leading to aminophosphaalkenes.  
The aminophosphaalkenes used in this work were synthesized by aminolysis of the P-Cl bond 
using NEt3 as a base (2, 4)
[103] or by Si-N bond cleavage using hexamethyldisilazane.[103] (3) 
 
P
N
Me3Si
Me3Si R
H  
                           2: R = tBu;   3: R = SiMe3;   4*: R = 1-Ada (*- New compound) 
Scheme 3.1.5 Aminophosphaalkenes used in this paper 
 
Unlike 2 and 3 which are oils, compound 4 was isolated as a colorless solid (85% yield) and 
further characterized by means of elemental analysis, 1H, 13C, 31P-NMR spectroscopy and mass 
spectrometry.  
 
Compound 31P δ(ppm) 13C δ(ppm) C=P 
2 306.7 129.1 
3 322.8 139.9 
4 306.0 134.4 
Table 3.1.1 NMR data of aminophosphaalkenes 2, 3,[103] and 4 (C6D6) 
 
The NMR spectroscopy reveals for the 1-adamantyl derivative the expected 3-center-4-electron 
π-bonding system (similar to 2 and 3)[103] explained by the shielding of the 31P and 13C signals. 
The shielding of the 13C signal can be assigned to the increasement of the electron density on the 
methylene carbon.[103] 
 
 
3.1.3 N-bridged bisphosphaalkenes 
 
R. Guerrero tested many methods for the synthesis of N-bridged bisphosphaalkenes and 
came to the conclusion that alkali metal chloride elimination is the best way to synthesize 
them.[99] Lithium salts Li[(Me3Si)2C=PNR] (5: R = tBu; 6: R = SiMe3; 7: R = 1-Ada) were 
generated by deprotonation of the parent aminophosphaalkenes 2-4 with lithiumdiisopropylamide 
Results and discussion               20 
(LDA) in THF and subsequent removal of iPr2NH in vacuo. (see Scheme 3.1.6) These anions 
were reacted with P-chloromethylenephosphine 1 using two methods. The first method consists 
in addition of the (Me3Si)2CPCl (1) to a solution of the anion and was applied by R. Guerrero in 
his research.[99] A second method was described by R. M. Bîrzoi who developed a selective way 
to reach the bulkier imino-bridged bisphosphaalkenes (bearing an iPrMe2Si rest at carbon) adding 
the anion solution to a solution of 1.[100]  
 
P
N
Me3Si
Me3Si R
H
2: R = tBu 
3: R = SiMe3
4: R = 1-Ada
+ LiNiPr2, THF P
N
Me3Si
Me3Si R
Li
5: R = tBu 
6: R = SiMe3
7: R = 1-Ada
-NHiPr2
 
 Scheme 3.1.6 Deprotonation of the aminophosphaalkenes using LDA 
 
Compound 31P δ(ppm) 
5 402.5 
6 408.5 
7 402.9 
Table 3.1.2 31P-NMR data of 5, 6 and 7 (C6D6, 81 MHz) 
 
Using the second method 5, 6 and 7 were reacted with (Me3Si)2CPCl (1) 
 at temperatures 
below – 40 °C in a straightforward manner furnishing solutions of the desired imino-bridged 
bis(phosphaalkenes) 8, 9 and 10 that exhibit singlet signals in the 31P-NMR spectrum. Rising the 
temperatures to – 20 °C and above leads to decomposition reactions indicated by the occurrence 
of one or more 31P-NMR signals.  
Reacting 5 with P-chlorophosphaalkene 1, using the first method, R. Guerrero observed in the 
31P-NMR spectrum the appearance of four AX patterns which were assigned as following:[99] 
compound 8: δP = 361.5 ppm; 
      8-Ι: δP = 358.4 ppm, δP = 55.1 ppm, J = 9 Hz;  
      8-ΙΙ: δP = 135.2 ppm,  δP = 7.7 ppm, J = 76 Hz;  
      8-ΙΙΙ: δP = 351.9 ppm,  δP = 38.5 ppm, J = 107 Hz. 
Formation of the rearranged products 8-I, 8-II and 8-III from 8 involves a trimethylsilyl 
group migration from the methylene carbon to the next phosphorus atom (1,2 SiMe3 migration; 8-
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II), a migration to the other phosphorus atom (1,4 SiMe3 migration; 8-I) or a migration to the 
carbon atom (8-III). The measured and computed 31P-NMR chemical shifts for the proposed 
structures are depicted in Table 3.1.3.  
 
P
N
Me3Si
Me3Si tBu
Li
P
ClMe3Si
Me3Si
+
-LiCl
P
P
N
SiMe3
SiMe3
Me3Si
SiMe3
tBu
P
P
N
tBuMe3Si
Me3Si
SiMe3
Me3Si
P
P
N
tBu
Me3Si
SiMe3
Me3Si
SiMe3
P
P
N
C
tBu
Me3Si
SiMe3Me3Si
+
+
8
5 1
SiMe3
8-I
8-II 8-III
 
Scheme 3.1.7 Proposed structures of products from reaction of 5 with 1[99] 
 
Addition of the anion solution (5) to a solution of 1 in THF (RMB method) gave after ca. 
20 min. (reaction controlled by 31P-NMR) the desired compound 8 which rearranged, probably by 
1,4-SiMe3 migration, into specie 8-I which reacted with traces of water and gave species 8-III 
after isolation. Traces of oxide [(Me3Si)2C=P]2O (353 ppm) made a complete characterisation of 
the specie 8-III difficult. A coupled NMR spectrum revealed that specie 8-III is part of a 31P-C-H 
function (2JPH = 13 Hz) most probably formed by protolytic P-Si bond cleavage, followed by 
proton migration to the basic ylid carbon atom. 
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P
N
Me3Si
Me3Si tBu
Li
P
ClMe3Si
Me3Si
+
-LiCl
P
P
N
SiMe3
SiMe3
Me3Si
SiMe3
tBu
P
P
N
C
tBu
Me3Si
SiMe3
85 1
SiMe3
8-I
"H2O"
SiMe3
8-III*
P
P
N
CH
tBu
Me3Si
SiMe3
SiMe3 - SiMe3OH
 
Scheme 3.1.8 Selective reaction of 5 with 1 leading to 8-III* (proposed new structure) 
 
 
 
 
 
 
 
Table 3.1.3 31P chemical shifts measured (C6D6, 81 MHz) 
and calculated at the B3LYP/cc-pVTZ//B3LYP/6-31+G* 
level of theory (in ppm) 
 
In order to obtain the N-SiMe3-bridged bisphosphaalkene according to the R. M. Bîrzoi 
procedure we reacted 6 with (Me3Si)2CPCl (1). The reaction leads to the wanted N-bridged 
bisphosphaalkene but also, unfortunately, to the bicyclus 11[120] formed by a nucleophilic attack 
of 1 to the phosphorus atom followed by elimination of a diazene.[99] 
 
P
N
Me3Si
Me3Si SiMe3
Li
-LiCl P
P
N
SiMe3
SiMe3
Me3Si
SiMe3
SiMe3
96
+ 1
+ C
C
PP
SiMe3
Me3Si
Me3Si
SiMe3
11
 
Scheme 3.1.8 Reaction of 6 with 1 
Compound δP measured (ppm) δP calculated (ppm) 
8 
8-Ι 
8-ΙΙ 
8-III* 
361.5 
358.4; 55.1 
135.2; 7.7 
351.9; 38.5 
396 
394; 44 
143; 11 
404; 120 
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Reaction of the 1-adamantyl derivative 7 with P-chlorophosphaalkene 1 was monitored by 
31P-NMR. A first 31P-NMR spectrum measured from the cold reaction mixture (ca. – 20 °C) 
indicated the formation of the desired imino-bridged bisphosphaalkene 10 but after precipitation 
and filtration of the resulted lithium chloride, the 31P-NMR spectrum exhibited the signal 
corresponding to 10 (δP = 361.6 ppm) accompanied by an AX pattern (10-III: δP = 351.3 ppm; δP 
= 34.3 ppm, J = 107 Hz, 2JPH = 12 Hz) and an AMX pattern (12: δP = 328.9 ppm, pst, J = 28 Hz; 
δP = -20.2 ppm, 1J = 176 Hz, 2J = 27 Hz; δP = -26.9 ppm, 1J = 176 Hz, 2J = 31 Hz).  
 
P
N
Me3Si
Me3Si Ada
Li
P
ClMe3Si
Me3Si
+
-LiCl
P
P
N
SiMe3
SiMe3
Me3Si
SiMe3
Ada
P
P
N
CH
Ada
Me3Si
SiMe3
107 1
SiMe3
10-III
P
P
P
N
Ada
Me3Si
SiMe3
SiMe3
SiMe3Me3Si
12
+
 
Scheme 3.1.9 Proposed products for the reaction of 7 with 1 
 
The AMX pattern observed in the 31P-NMR spectrum exhibits two high field resonances  
(δP = -20.2 ppm and δP = -26.9 ppm) with a large coupling constant of 176 Hz typical for a P-P 
bond belonging to a ring system.[120] The X-part of the spectrum appears at low field (δP = 328.9 
ppm), in the typical range for methylenephosphines, and is splitted in one doublet of doublets due 
to the coupling with the other two phosphorus atoms. This pattern is very similar to the AMX 
pattern corresponding to the azatriphosphabicyclohexene tBuNC3P3(SiMe3)5 13, synthesized by 
R. Guerrero reacting one equivalent of 5 and two equivalents of 1. The structure of 13 was 
confirmed by an X-ray diffraction study.[99] 
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P
N
Me3Si
Me3Si tBu
Li
P
ClMe3Si
Me3Si
+  2
5 1
P
P
P
N
tBu
Me3Si
SiMe3
SiMe3
SiMe3Me3Si
13
- LiCl
- SiMe3Cl
 
Scheme 3.1.10 Synthesis of 13[99] 
 
The formation of 12 can be explained by the presence of a small excess of 1 in the reaction 
mixture. Traces of water are responsible for the formation of 10-III, the intensity of the AX 
pattern increasing after two weeks and traces of the oxide POP appear. 
 
3.1.4 DFT calculations on 2,4-diphospha-3-azapentadiene  
 
First the potential energy surface of the parent [(H3Si)2C=P]2NCH3 system optimising S-
shaped, W-shaped, and V-shaped C=P–N–P=C moieties was explored (Scheme 3.1.11) 
 
 
Scheme 3.1.11. [(H3Si)2C=P]2NCH3 rotamers and their connecting transition structures. 
 
 W-shaped TS(W|S) S-shaped TS(S|V) V-shaped 
B3LYP/6-31+G* 
B3LYP/6-311+G** 
MPW1K/6-311+G** 
MP2/6-311+G** 
0.5 
0.4 
0.5 
1.0 
3.8 
3.5 
3.8 
3.4 
0.0 
0.0 
0.0 
0.3 
3.6 
3.5 
3.7 
3.3 
2.3 
2.2 
2.1 
0.0 
Table 3.1.4 Relative energies (in kcal mol−1) of the [(H3Si)2C=P]2NCH3 rotamers and 
activation barriers at different levels of theory at the B3LYP/6-311+G** structures 
 
While for the parent iminobisphosphaalkene [(H3Si)2C=P]2NCH3 a small activation 
barrier and energetically close lying rotamers were obtained at each investigated level of the 
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theory (Table 3.1.4), with bulkier groups no W-shaped rotamers could be found on the B3LYP/6-
31+G* potential energy hypersurface, and the energy difference between the S- and V-shaped 
rotamers is much larger than in the case of the parent molecule. For the compounds 
[(Me3Si)2C=P]2NR with R = 1-Ada and tBu neither S- nor W-shaped forms, but the quasi-
symmetric V-shaped rotamer was found, providing (as observed) a singlet signal in the 31P-NMR. 
To understand the formation of four-membered-ring intermediates (8 I-III, Scheme 3.1.7) 
and thus the silyl group migration, the reaction (Scheme 3.1.12) was calculated for model 
compounds. The bulky SiMe3 and tBu groups have a significant effect on the relative energies of 
the intermediates and transition structures. A four-membered intermediate (15) can directly be 
obtained from 8. Both decomposition products (8-I and 8-II) can be formed from 15 by 1,2-
shifts. Intermediate 14, which can be converted to intermediate 8-II, was also considered; its high 
energy (Table 3.1.5), however, excludes the possibility of this reaction pathway. 
 
 
Scheme 3.1.12 Cyclisation pathway of alkyliminobisphosphaalkene [(Me3Si)2C=P]2NtBu 
(methyl groups omitted for clarity). 
 
 
8 
14 
TS(8/14) TS(15/8-II) 
TS(8/15) TS(15/8-I) 
8-I 
8-II 
15 
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Level of theory 8 TS(8|15) 15 TS(15|8I) 8-I TS(15|8II) 8-II TS(8|14) 14 
B3LYP/6-31+G* 
B3LYP/6-311+G** 
MPW1K/6311+G** 
MP2/6-31+G* 
0.0 
0.0 
0.0 
0.0 
21.5 
20.9 
19.6 
16.9 
14.9 
15.4 
10.7 
5.3 
29.4 
30.2 
23.1 
18.4 
6.0 
7.2 
−0.7 
5.3 
29.6 
30.4 
24.8 
19.4 
5.6 
6.5 
−0.1 
6.1 
47.0 
47.7 
50.6 
56.3 
35.4 
36.5 
38.4 
41.3 
Table 3.1.5 Relative energies and activation barriers (compared to 8) for the 
[(Me3Si)2C=P]2NtBu system at different levels of theory on geometries obtained at different 
levels of theory 
 
The formation of the energy-rich four-membered-ring intermediate 15 is kinetically 
feasible (16–22 kcal mol−1 activation barriers at different levels), and from this species the more 
stable products 8-I and 8-II can be formed via reasonably small activation barriers, which are 
predicted to be significantly lower at MP2 than at the B3LYP level. It is worth noting that the 
stabilities of compounds 8-I and 8-II are comparable, furthermore the activation barriers to them 
are also very similar. Thus the formation of both isomers is feasible, in good agreement with their 
experimental observation. In order to investigate the formation of 13 (or 12) from 8-I and 
chlorophosphaalkene (Me3Si)2C=PCl (1) the reactions shown in Scheme 3.1.13 were calculated. 
It is important to note that several attempts were made to explore possible transition structures 
(attack of 1 from different directions), however, only TS(8-I/16) corresponding to an insertion 
into the σ4,λ5-P–N bond of 8-I (Scheme 3.1.13) turned out to be a first order saddle point. 
Intermediate 16 which is formed from TS(8-I/16) according to IRC calculations, can be stabilized 
(Table 3.1.6) by Me3SiCl elimination leading to 17. In order to check the reliability of the results 
further calculations were carried out using the MPW1K functional, as well as the MP2 method. 
Since for the SiH3 substituted systems the relative energies obtained from single point 
calculations at the B3LYP optimized geometries differ only slightly from the values obtained at 
their optimized structures, for the SiMe3 substituted systems we have used the energies obtained 
from single point calculations (Table 3.1.6). The wavefunctions of intermediates 16 and 17 and 
transition structures TS(8-I/16) and TS(16/17) are stable at the DFT levels, however, the Hartee-
Fock wavefunction shows UHF instability, rendering the corresponding MP2 results dubious. 
Apparently, for a highly accurate description of the electronic structure of 16 and 17 
multireference methods would be the best choice, unfortunately the size of the investigated 
system excludes this possibility. Bicycle 13, however, can properly be described by the closed 
shell determinant at each level and it is far more stable (considering the energy of SiMe3Cl) than 
the starting materials. (It should be noted that at the B3LYP/6-31+G* level 17 is somewhat more 
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stable than 13, which is in contrast with the observed formation of 13. Using a larger basis set the 
energy difference is reduced, while with the MPW1K functional and at the MP2/6-31+G* level 
13 is the thermodynamically sink in agreement with the experimental results. Nevertheless, the 
B3LYP/6-31+G* optimized structure of 13 is similar to that obtained from the X-ray 
investigation. 
 
 
Scheme 3.1.13 Probable formation of bicyclic product 13 from the four-membered-ring 8-I 
and phosphaalkene (Me3Si)2C=PCl (1) (methyl groups omitted for clarity) 
 
 
Level of theory 8-I + 1 
TS(8- 
I|16) 16 
TS 
(16|17) 
17+ 
Me3SiCl 
TS(17|13) 
+Me3SiCl 
13+ 
Me3SiCl 
B3LYP/6-31+G* 
B3LYP/6-311+G** 
MPW1K/6-311+G** 
MP2/6-31+G* 
0.0 
0.0 
0.0 
0.0 
32.9 
32.0 
31.9 
(0.4)[a] 
26.1 
25.4 
17.3 
(−14.2)[a] 
34.9 
34.1 
35.5 
(3.1)[a] 
−21.6 
−19.8 
−14.3 
(−28.2)[a] 
1.7 
2.1 
−0.8 
−17.8 
−19.3 
−19.3 
−30.8 
−49.0 
Table 3.1.6 Relative energies of transition structures (TS) and intermediates for the formation 
of azatriphosphabicyclohexene 13 from 8-I and 1 at different levels of theory, at the B3LYP/6-
31+G* geometries. [a] The HF wavefunction showed UHF instability, the perturbation treatment 
is likely to be in significant error 
 
 
 
 
 
8-I 1 
TS(8-I/16) 
16 
17 
17 
13 
TS(16/17) 
R3SiCl 
TS(17/13) 
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3.2 P-Phosphanylamino-phosphaalkenes 
 
3.2.1 Introduction 
 
  The synthesis and coordination chemistry of monodentate organophosphorus compounds 
containing low coordinated phosphorus atoms (e.g. phosphaalkenes, phosphaalkynes and λ3-
phosphinines) have been developed in great detail in the past decades.[8,9,90,91] In contrast to the 
vast number of polydentate λ3-phosphine ligands[121-123] there are only a very few reports in the 
literature on bi- and tridentate ligands containing phosphorus in low coordination numbers, e.g. 
I–III.[34,124-126] 
Chelating agents of type IV[127,128] and V comprise donor properties of phosphaalkenes and 
tertiary phosphines in one molecule and should therefore show interesting coordination 
chemistry.  
 
P P
Me
Me
Me
Me
I
NP
H
R
II
X
P P
H H
R R
III
PR``P
R`
R
IV
P
N
PR``2
R```
Me3Si
Me3Si
V  
Scheme 3.2.1 Bidentates phosphorus ligands  
 
There are two hypothetic pathways to synthesize type V ligands: 
1. Starting from an 1-aza-2-phosphaallyl anion and a dialkyl (or aryl) chlorophosphine;[99] 
2. Starting from an iminophosphanide/phosphanylamide anion and a P- 
chlorophosphaalkene.  
 Pathway 1. The reaction of one equivalent of a 1-aza-2-phosphaallyl anion with a dialkyl 
(or aryl) chlorophosphine was studied by DFT calculations. DFT-calculations on 
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(Me3Si)2CPNR*PR’R’’ indicate that PNP-structures V (type C) are separated energetically from 
PPN-structures type B [imino(phosphanyl)methylenephosphines] and D (P-phosphanyl-
azaphospiranes) by barriers in the range of 25 - 40 kcal.mol-1, depending on substitution patterns 
and levels of the calculations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 3.2.2 Reaction of (R3Si)2C=PN
-Li+(R*) (5: R = Me, R* = tBu; 6: R = Me, R* = 
SiMe3) with PRR’Cl 
 
Even type A isomers (with the phosphanyl group attached to carbon), slightly higher in energy, 
might profit from kinetic stabilisation. As it can be seen in the Scheme below, in the case of the 
derivatives with the “real substituents” the type B, C and D products are preferred. With bulky 
substituents the energy difference between the type B, C and D isomers is smaller than without 
them. Regarding to the computations it seems that the desired type C compound (with PNP 
moiety) is formed in the case of a smaller phosphino group (e.g. PMe2), however, using a bulkier 
substituent (iPr and tBu) on P, the type B isomer (with PP bond) is preferred. This effect seems to 
be independent of the substituent on N. 
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Table 3.2.1 Relative energies and barrier heights in kcal mol-1 at different levels of theory, 
calculated at geometries optimised at B3LYP/6-31+G* for PR’R” compounds 
 
The experimental evidence[99] is in agreement with the computational studies. 
The 1-aza-2-phosphaallyl anion [(Me3Si)2CPN-tBu]
- reacts with dialkyl (or aryl) 
chlorophosphines under nucleophilic attack on phosphorus, leading to P-phosphanyl-
(σ3λ5)phosphoranes (type B isomers, imino(phosphanyl)methylenephosphines), which are, 
depending on the substitution pattern, accompanied by P-phosphanyl-azaphospiranes (type D 
isomers). The most selective reaction was the reaction with tBuiPrPCl where imino(phosphanyl)-
methylenephosphine was formed quantitatively and its structure was confirmed by X-ray 
crystallography. 
 
 Level of theory A TS(AB) B TS(BC) C TS(AC) D TS(BD) 
B3LYP/6-31+G* 0.0 29.1 -0.3 35.3 -7.2 36.5 3.8 41.1 
MPW1K/6-311+G** 0.0 36.3 2.1 41.9 -5.8 39.6 4.1 47.3 
R = R’ = 
R” = Me 
R* = SiMe3 MP2/6-31+G* 0.0 37.5 8.4 42.8 -3.3 37.3 8.4 56.0 
B3LYP/6-31+G* 0.0 22.0 -16.9 24.2 -15.6 41.7 -8.7 27.2 
MPW1K/6-311+G** 0.0 28.9 -15.9 30.3 -14.2 47.6 -9.4 32.4 
R = Me,R’ = 
iPr 
R” = tBu 
R* = SiMe3 
MP2/6-31+G* 0.0 27.1 -11.6 30.9 -12.8 41.8 -6.4 37.4 
B3LYP/6-31+G* 0.0 33.9 8.9 39.2 -0.9 38.3 5.8 40.8 
MPW1K/6-311+G** 0.0 41.7 11.5 46.5 0.4 41.6 5.5 42.6 
R = R’ = 
R” = Me 
R* = tBu MP2/6-31+G* 0.0 40.9 16.1 46.3 4.6 39.3 9.7 52.3 
B3LYP/6-31+G* 0.0 25.9 -7.8 26.6 -7.4 41.9 -7.5 27.0 
MPW1K/6-311+G** 0.0 34.7 -6.6 34.3 -6.1 53.0 -8.7 27.5 
R = Me,R’ = 
iPr 
R” = tBu 
R* = tBu MP2/6-31+G* 0.0 32.7 -2.8 32.9 -1.5 50.5 -3.9 33.7 
Results and discussion               31 
P
NtBu SiMe3
SiMe3
P
N
Me3Si
Me3Si
P
tBu
iPr
iPr
P
N
tBu
PMe3Si
Me3Si
P P
Ph
PhPh
Ph
+ iPr
iPr
P
N
Me3Si
Me3Si
P
tBu
iPr
tBu
P
N
Me3Si
Me3Si
P
tBu
Ph
Ph
Li
+ iPr2PCl
+ iPrtBuPCl
+tBu2PCl
+ Ph2PCl
no reaction
+
type B type D
type B
type B  
Scheme 3.2.3 Reaction of 1-aza-2-phosphaallyl anion with different chlorophosphines[99] 
 
The experimental and computational evidence are showing that in the case of bulkier substituents 
on phosphorus atom the type B isomer is formed we had to focus our attention on less bulkier 
substituents (phenyl rests) on phosphanyl phosphorus and to use the second pathway to reach the 
proposed type C ligands. 
 
Pathway 2:  
 Aminodiphenylphosphines are deprotonated by alkyl lithium reagents to give the 
corresponding iminophosphanide/phosphanylamide ions. These anions react further with the P-
chlorophosphaalkene to give selectively the desired products. 
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Ph2PNR
-Li+ (Me3Si)2C=PCl+
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Scheme 3.2.4 General method to synthesize type E ligands 
 
 The main goal of the present work was to provide structural information of the P-
phosphanylamino-phosphaalkene (E) and to study the reactivity toward transition metals and the 
catalytic abilities of transition metal complexes.  
 
 
3.2.2 Aminophosphines 
 
3.2.2.1 Introduction 
 
  Trivalent organophosphorus compounds containing one single P-N bond with the valency 
of each atom saturated by hydrogen or carbon atoms (but no other heteroatoms) have been known 
since their discovery by Michaelis more than one century ago[129] and named indistinctly as 
aminophosphines, phosphanamines, phosphazanes, or phosphinous amides. Among all these 
classes of substituted phosphinous amides summarized in Table 3.2.1, those with three amido 
groups are more stable than those with H–P bonds, as in many other classes of organophosphorus 
compounds. Between those, the trisubstituted or fully substituted (typed in boldface) are by far 
the most stable.  
 
Parent compound Monosubstituted Disubstituted Trisubstituted Tetrasubstituted 
H2P-NH2 R
1P(H)-NH2 
H2P-N(H)R
2 
R1R2P-NH2 
H2P-NR
1R2 
R1P(H)-N(H)R2 
R1R2P-N(H)R3 
R1P(H)-NR2R3 
R1R2P-NR3R4 
Table 3.2.1 
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3.2.2.2 Stability and properties 
 
  The stability of phosphinous amides depends on the substituents at phosphorus and 
nitrogen. Normally, tetrasubstituted and N, P, P trisubstituted phosphinous amides are stable and 
well-known compounds. 
  The parent compound H2PNH2 is a volatile compound that is formed on hydrolysis of a 
solid state solution mixture of magnesium phosphide and magnesium nitride.[130] It has been 
proposed that H2PNH2 is presumably formed by photolysis of NH3+PH3 mixtures, and that this 
compound decomposes to a reddish polymer (PN)x that is partially responsible of the coloration 
of Jupiter’s atmosphere.[131] P-Unsubstituted phosphinous amides H2PNR2 are practically 
unknown, with the notorious exceptions of H2PN(SiMe3)2
[132] and H2PN(CF3)2.
[133,134] PH-
Phosphinous amides are also rare, although some examples of RP(H)NH2, RP(H)NHPh and 
RP(H)NEt2 have been prepared with their phosphorus atom coordinated to a W(CO)5 fragment, 
and were, in this form, stable towards air oxidation.[135] In free state, they decompose via α-
elimination of HNR2 to phosphinidenes RP and their secondary products.
[136] The two silyl 
substituents at nitrogen are responsible for the stability of RP(H)N(SiMe3)2.
[137] 
 All attempts to prepare (CH3)2PNH2 failed
[138,139] but (CF3)2PNH2,
[133] Ph2PNH2
[140] and 
tBu2PNH2
[141] are moderately stable. Although bis(phosphino)amines have occasionally been 
claimed to exist in two isomeric forms, R1N(PR22)2 and R
2
2P-P(=NR
1)R22,
[142,143] they have been 
widely used as normal trivalent organophosphorus compounds. N,N-Bis(phosphino) phosphinous 
amides N(PR2)3, commonly called triphosphinoamines, are still virtually unknown, with the 
exceptional reported existence of N(PF2)3 and N[P(CH3)2]3.
[134,138,139] The usual synthetic 
approaches to N(PPh2)3 give instead the isomeric Ph2P-P(Ph2)=N-PPh2.
[144] 
 The P–N bond in phosphinous amides is essentially a single bond, so the lone pairs on N and 
P are available for electrophilic reagents and for donor bonding towards metal atoms. Proton 
addition to the N atom of H2PNH2 has been calculated to loosen the P–N bond, whereas 
protonation at P renders this bond stronger than in the parent molecule.[145] NH-Phosphinous 
amides are practically not associated by intermolecular hydrogen bonds.[146] Hindered rotation 
around the P–N bond has been observed at low temperature in tetrasubstituted phosphorus 
amides.[147] For Ph2PN(SiMe3)2, two different Me3Si groups are observed below – 65 °C, the 
calculated activation energy for P–N rotation being 10.2 Kcal mol–1.[148] 
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3.2.2.3 Synthesis of aminophosphines 
 
  Among the routes for preparing phosphinous amides, the most frequently used method is 
the aminolysis of halophosphines, most usually chlorophosphines,[53,149,150] because a number of 
such halophosphines are easily accessible from commercial sources. These reactions usually 
provide the target species, i.e., trisubstituted compounds in Scheme 3.2.5, in high yield. The HCl 
liberated from the reaction forms a salt with an organic base (either excess of the starting amine 
or externally added as, for example NEt3) which is insoluble in the reaction solvent, typically 
pentane or tetrahydrofuran, and therefore leads to facile separation and purification of the desired 
products. Care needs to be taken to exclude water from the reaction medium to prevent hydrolysis 
of the phosphinous amides. The reaction temperature varies between – 40 and 0 °C, depending on 
the reactivity of the counterparts, amine and chlorophosphine. 
 
P Cl
Ph
Ph
+ H2N R
Base
P NH
Ph
Ph
R
 
Scheme 3.2.5 Synthesis of aminophosphines  
 
Compound R Base Solvent 
18 1-Ada NEt3 Pentane 
19 tBu  tBuNH2 Pentane 
20 Dipp DippNH2 Pentane  
21 Mes* nBuLi THF 
Table 3.2.2 Reaction conditions for the synthesis of 18-21 
 
  In the aminolysis processes for preparing phosphinous amides it is possible to replace the 
organic base with an inorganic base such as nBuLi, like in the case of 21, which leads to the 
initial deprotonation of the amine and formation of an amide anion. This anion is reacted further 
with the chlorophosphine to form a new P–N bond.[151–155] This methodology has been 
particularly successful for preparing phosphinous amides with the nitrogen atom being part of an 
heteroaromatic ring.[156–161]  
 Phosphinous amides bearing protons at the nitrogen atom (NH phosphinous amides), may 
be involved in prototropic equilibrium with their PH phosphazene forms b[137,162–164] (Scheme 
3.2.6). This kind of prototropic equilibrium, paralleling that between phosphinous acids R2P-OH 
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and phosphine oxides R2P(O)H,
[124] have been evidenced in some particular cases by means of 
spectroscopic methods, mainly NMR.[165,166] Ab initio calculations have shown the tervalent 
phosphinous amide H2P-NH2 to be nearly 30 Kcal mol
–1 more stable than the tautomeric 
tetracoordinate form, phosphazene H3P=NH.
[154,164] 
 
 
P N
Ph
Ph
R
H
P N
Ph
Ph
R
H  
a   b 
Scheme 3.2.6 
 
 The position of the phosphorus–nitrogen diad tautomeric equilibrium a to b (Scheme 
3.2.6) depends on the nature of the solvent and the substituents at the phosphorus and nitrogen 
atoms, shifting towards the tautomeric form possessing the least mobile protons.  
It has been postulated that the presence of an electron-withdrawing group, whether on the N or P 
atom, decreases the basicity of such atom and thus the proton migrates to the one that has become 
the more basic center of the molecule.[54,163,167,168] As far as the solvent is concerned, 
Kolodiazhnyi and co-workers reported that going right in the following solvent sequence: 
chloroform – methylene chloride – benzene – diethyl ether, the tautomeric equilibrium is 
gradually shifted towards the NH phosphinous amide form.[166] 
  In phosphorus chemistry, 31P-NMR spectroscopy has been widely used to monitor 
reactions, which allows the rapid identification of products based on characteristic signals in the 
spectrum.[65] As expected, the 31P-NMR spectra of the aminophosphines (18-21) reveal a singlet 
peak for each compound. The spectral data are summarized in Table 3.2.3: 
 
Compound 31P-NMR (ppm) 
18  18.8 
19 23.2 
20 43.1 
21 47.6 
Table 3.2.3 31P-NMR data for 18-21 (C6D6, 81 MHz) 
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  In the 1H-NMR spectra, the N-H signals were observed as doublets at 1.88 ppm (2JPH = 
11.6 Hz) for 19,[169-171] 3.82 ppm (2JPH = 8.1 Hz) for 20, 4.89 ppm (br) for 21
[154] and for 18 was 
not observed. The 31P{1H}-NMR spectra of the aminophosphines show singlet peaks at 18.8 ppm 
(18), 23.2 ppm (19), 43.1 ppm (20) and 47.6 ppm (21). The chemical shifts in the 31P{1H} NMR 
spectra are in accordance with the electronic properties of the substituents at nitrogen and 
phosphorus, compounds with less bulky substituents at nitrogen are shifted to high field. 
Compounds 19[171] and 21[154] are already known in the literature and will not be discussed 
further.  
Compound 20 was synthesized from 2,6-di-isopropylaniline and chlorodiphenylphosphine 
using an excess of 4:1 of starting amine as base, the reaction was done at 0 °C, and was 
completed in two days. The product was isolated as a colorless solid in good yield and was 
characterized by NMR spectroscopy (1H, 13C, 31P). 
Compound 18 was synthesized from 1-adamantylamine and chlorodiphenylphosphine 
using triethylamine as a base. The reaction time was very short (2 h) and the product was 
obtained in very good yield (95 %), at the beginning as colorless viscous oil (which solidified at 
cold) and then as a colorless solid with a melting point of 70 °C. Ph2PNHAda (18) was fully 
characterized by means of NMR spectroscopy (1H, 13C, 31P), elemental analysis, mass 
spectrometry and X-ray diffraction. 
There are surprisingly few examples of aminophosphines that have been characterized by 
single-crystal X-ray crystallography and none of them bear simple alkyl or aryl substituents at the 
amino nitrogen atom.[172] The crystal structures of 19[155] and 21[154] being reported made possible 
a comparison between 18, 19 and 21 (Table 3.2.4). Single crystals suitable for X-ray diffraction 
analysis from 18 were obtained by slow evaporation of a pentane solution. 
 Ph2PNHAda (18) (Figure 3.2.1) crystallizes triclinic in the space group P-1. Compound 
18 is monomeric with no significant intermolecular contacts. N(1) exhibits a distorted pyramidal 
geometry (the sum of the angles about N equals 114.6 + 113.7 + 121.1 = 349.4°). The nitrogen 
atoms of aminophosphines typically exhibit trigonal planar geometry at the nitrogen atom or very 
shallow pyramidal geometry. The large bond angles can be explained by a relatively low 
inversion barrier at the nitrogen atom and the fact that such a geometry minimizes steric 
interactions between the substituents of the nitrogen atom.[164,172] The phosphorus atom is 
coordinated in a distorted tetrahedral fashion by a nitrogen atom, two carbon atoms of the phenyl 
[C(1), C(7)] and the electron lone pair. The conformation about the P-N bond is gauche. This 
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conformation renders the lone pair on nitrogen approximately trans to the P(1)-C(1) bond. The P-
C bond lengths of 1.833(14) - 1.842(14) and the P-N bond length 1.698(12) are in the expected 
range. 
 
 
Figure 3.2.1 Molecular structure of 18 with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: P-N 1.698(12), P-C(1) 1.833(14), P-C(7) 
1.842(14), N-C(13) 1.481(16), N-P-C(1) 102.1(6), N-P-C(7) 103.0(6), C(1)-P-C(7) 98.9(6), 
C(13)-N-P 121.2(9) 
 
Compound P-N(Å) P1-C7(Å) P1-C1(Å) N-C(Å) 
N-P-
C1(°) 
N-P-
C7(°) 
C1-P-
C7(°) 
P-N-
C13(°) 
18  1.698(12) 1.833(14) 1.842(14) 1.481(16) 102.1(6) 103.0(6) 98.88(6) 121.1(9) 
19a 
1.673(5) 
1.701(5) 
1.829(5) 
b 
1.845(5) 
b 
b 
b 
101.8(2) 
b 
104.9(2) 
b 
98.8(2) 
100.5(2) 
120.9(4) 
 127.0(4) 
21 1.730(2) 1.826(2) 1.843(3) 1.431(3) 102.1(1) 99.7(1) 101.7(1) 114.6(1) 
aTwo independent molecules; bNo values reported 
Table 3.2.4 Selected bond lengths (Å) and angles (°) for 18, 19 and 21 
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3.2.3 Synthesis of P-phosphanylamino-phosphaalkenes 
 
3.2.3.1 Synthesis of aminophosphanide anions 
 
 Aminophosphines of the general structure R1R2PNHR3 are easily converted to their 
respective anions by metals or bases. For instance, they can be easily deprotonated by 
alkyllithium reagents to give the [R1R2PNR3] anions (A or B, illustrated in Scheme 3.2.7). 
 
P N
R
R
R` P N
R
R
R`
A B
 
Scheme 3.2.7 Resonance structures of the anions 
 
  The phosphorus atom in both resonance forms is in the P(III) oxidation state. Resonance 
form A has a formal negative charge at the nitrogen atom, whereas in resonance form B the 
negative charge is located at the phosphorus atom. Form A is expected to predominate if the 
greater electronegativity of the nitrogen atom is the dominant factor; however, form B, in which 
phosphorus has expanded its octet, results in additional stabilization due to resonance 
delocalization of the charge and N–P multiple bonding.[154] 
 Although anions of type A have been known for many years, almost as long as their 
parent phosphinous amides, detailed studies on these species have attracted less attention. In 
1982, Cowley presented spectroscopic and synthetic evidence indicating that an anion similar to 
type B was preferred over type A.[174,175] The first known X-ray structure of one of such anions 
was not reported until 1992.[176] The specific anion, [Ph2PNPh]
–, with lithium as countercation, 
exhibits a dimeric structure and also contains diethyl ether, and is best described as 
[Ph2PNPh(Li)(OC2H5)]2. Because there are both N-Li and P-Li interactions in the solid state, this 
anion was viewed as a resonance hybrid phosphinous amide-iminophosphide (A, B) ion. Since 
then, several papers have been published describing the structure of some related anions and 
dianions in which the lithium ion is not always associated exclusively with nitrogen.[54,154,177,178] 
In all examples where a P–Li interaction is observed in the solid state, this interaction could not 
be ascertained in solution by using 31P or 7Li NMR spectroscopy. 
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  Coordination of these anions with other metals gives interesting heterometallic complexes 
in which both the N- and P-centers are involved in coordination to the metal.[151,179,180] In addition 
to the experimental work, ab initio calculations have been carried out that focus on the short N–P 
bond to delineate the location and/or distribution of the negative charge.[173a] These theoretical 
investigations suggest that the most simple alkyl/aryl derivatives are best described as 
phosphinous amide anions with the negative charge essentially located at nitrogen, and that there 
is enough hyperconjugative bonding to enforce two ground-state conformations for A, cis and 
trans (Scheme 3.2.8). 
 
P N
R
R
R`
P N
R
R
R`
 
     cis   trans 
Scheme 3.2.8 Ground-state conformations for A 
 
  The experimental barrier for interconversion of the cis and trans isomers of [Ph2PNPh]
– is 
8 kcal mol–1, and the barriers of other derivatives have been calculated to be in the range 7–32 
kcal mol–1, where the larger barriers are associated with the presence of substituents at the 
nitrogen that are moderately electron-withdrawing.[154,173a] 
 
3.2.3.2 Coupling of aminophosphanide anions with P-chlorophosphaalkenes 
 
  Since many lithiated species are not very stable, even at low temperature, the amide 
anions are often generated in situ and converted into the desired product. 
 
18: R = 1-Ada
19: R = tBu
20: R = Dipp
21: R = Mes*
Ph2PNHR
LDA* / nBuLi**
[Ph2PNR]
-Li+
+ (Me3Si)2C=PCl
THF/- 40 °C
-LiCl
P
N
P
Me3Si
Me3Si Ph
Ph
R
THF/- 40 °C
22: R = 1-Ada
23: R = tBu
24: R = Dipp
25: R = Mes*
26: R = 1-Ada
27: R = tBu
28: R = Dipp
29: R = Mes*
 
Scheme 3.2.9 Synthesis of 26-29 (*-for 18, 19 and 21; **- for 20) 
Results and discussion               40 
Compound 22 23 24 25 26 27 28 29* 
31P NMR (ppm) 
45.3 49.0 61.3 58.1 374 
37 
373 
44 
336 
59 
330/338 
 74/55 
2
JPP (Hz) - - - - 12 11.5 br 57/21 
         *-Two rotamers; br- Not resolved 
Table 3.2.5 31P-NMR data for 22-29 
 
  Lithiation of the aminophosphines 18 and 19 using lithiumdiisopropylamide in 
tetrahydrofuran at – 40 °C leads straightforwardly to the formation of the anions 22 and 23 as 
shown in the 31P NMR-spectra measured from the reaction mixture. The 31P-NMR spectra show 
that the anions were formed relatively fast, within one hour. As a result of the lithiation the 
singlets corresponding to the aminophosphine 18 (18.8 ppm) and 19 (23.2 ppm) are now shifted 
to low field, 45.3 and 49.0 ppm, respectively. After the anion formation, the solvent and the 
resulting diisopropylamine were removed in vacuo to be sure that no proton source is present in 
further reactions. The residue was then dissolved in dry THF and added dropwise to a solution of 
P-chlorophosphaalkene (1) at – 40 °C furnishing solutions of the desired P-phosphanylamino-
phosphaalkene 26 and 27. When no further reaction takes place, as evidenced by 31P-NMR 
spectroscopy, the solution was concentrated by evaporation of the solvent in vacuo and the 
resulted lithium chloride was precipitated by addition of pentane. After filtration over Celite the 
solvent was removed under reduced pressure affording a yellow solid in the case of 26 and brown 
oil in the case of 27. 
  Compound 26 was characterized by means of elemental analysis, 1H, 13C, 31P and 29Si 
NMR spectroscopy, mass spectrometry, infrared spectroscopy and X-ray analysis. In the 31P 
NMR spectrum, a doublet due to the P=C phosphorus atom (374 ppm) was observed at lower 
field compared to the P=C phosphorus atom in 1 (344 ppm) and a second doublet corresponding 
to the PPh2 phosphorus atom (37 ppm) also at lower field related to 18 (18.8 ppm). Both chemical 
shifts are in a normal range for such compounds.[65] The 31P-31P coupling constant of 12 Hz is in 
the normal range for a coupling over two bonds and a nitrogen atom.[65] 
  In the 13C NMR spectrum, a doublet corresponding to the carbon atom of the P=C double 
bond at δC = 191 ppm was observed, with a 1JPC value of 98 Hz. Doublets of doublets are 
observed, for the ipso (1JPC = 17.7 Hz, 
3
JPC = 2.6 Hz) and orto (
2
JPC = 23.1 Hz, 
4
JPC = 4.5 Hz) 
carbon atoms of the phenyl groups, due to the coupling with two different phosphorus atoms. For 
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the carbon in the meta position just a coupling with the PPh2 phosphorus atom 
3
JPC = 6.6 Hz was 
observed, and the coupling between the para carbon and the phosphorus atom is too small to be 
detected. Coupling to the both phosphorus atoms are observed for the adamantyl carbons. 
 In the 29Si NMR spectrum two doublets due to the 31P-29Si coupling are observed, at δSi = 
– 3.8 ppm with 2JPSi = 41.7 Hz (probably for the trimethylsilyl group cis orientated to the lone 
pair at phosphaalkene phosphorus atom) and at δSi = – 10.55 ppm with 2JPSi = 10.6 Hz for the 
SiMe3 group trans orientated. 
 In the EI spectra the molecular ion is at m/z = 523 with a relative intensity of 4 % and the 
base peak is at m/z = 450 which corresponds to the [M-SiMe3]
+ cation. The IR spectrum shows 
one strong absorption at ~ 832 cm-1 characteristic of the P-N-P skeleton,[188,189] two medium 
absorptions at 1028 and 1050 cm-1 were assigned to the C=P stretching frequency,[190] ν(SiMe3) 
bands were found at 800 and 1245 cm-1 (medium absorptions).[191] 
  Pale yellow crystals suitable for X-ray diffraction analysis were grown from a 
tetrahydrofuran/pentane mixture. 
Compound 26 (Figure 3.2.2) crystallizes triclinic in the space group P-1. The crystal structure 
determination reveals similar distances between nitrogen and both phosphorus atoms [1.746(9) Å 
and 1.724(10) Å] and P=C bond lengths in the usual PC double bond length (about 1.66 Å).[90,93] 
Both P(2)-N 1.724(10) Å and N-C(20) 1.517(13) Å are slightly longer than in the free 
aminophosphine 18, 1.698(12) Å respective 1.481(16) Å. N exhibits a slightly distorted trigonal-
planar geometry (the sum of the angles about N equals 118.3 + 116.5 + 119.3 = 354.1°). Two of 
the three bond angles between the phosphorus substituents [N-P(2)-C(8) 109.07(5) and N-P(2)-
C(14) 104.83(5)] are near to the tetrahedral angle of 109.5°, while the third bond angle [C(14)-
P(2)-C(8) 97.73(5)°] is significantly smaller.  
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Figure 3.2.2 Molecular structure of 26 with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: P(1)-C(1) 1.665(12), P(1)-N 1.746(9), P(2)-
N 1.724(10), P(2)-C(14) 1.840(12), P(2)-C(8) 1.844(11), N-C(20) 1.517(13), C(1)-P(1)-N 
111.5(5), N-P(2)-C(14) 104.8(5), N-P(2)-C(8) 109.1(5), C(14)-P(2)-C(8) 97.7(5), C(20)-N-P(2) 
118.3(7), C(20)-N-P(1) 116.5(7), P(2)-N-P(1) 119.3(5) 
 
  Compound 27 was characterized by means of elemental analysis, 1H, 13C, 31P and 29Si 
NMR spectroscopy, mass spectrometry, infrared spectroscopy (ATR) and X-ray analysis. The 31P 
NMR spectrum do not show significant differences between 26 and 27, a doublet due to the P=C 
phosphorus atom (373 ppm) and a second doublet corresponding to the PPh2 phosphorus atom 
(44.4 ppm) at lower field than that for 26 (37 ppm). The 31P-31P coupling constant of 11.5 Hz is 
very similar to 26. 
  The 13C NMR spectrum is similar to the 13C spectrum of 26, a doublet corresponding to 
the carbon atom of the P=C double bond at δC = 189.5 ppm was observed, with a 1JPC value of 98 
Hz. Doublets of doublets are also observed, for the ipso (1JPC = 18.2 Hz, 
3
JPC = 2.6 Hz) and orto 
(2JPC = 23.0 Hz, 
4
JPC = 4.8 Hz) carbon atoms of the phenyl groups, due to the coupling with two 
different phosphorus atoms. For the carbon in the meta position just a coupling with the PPh2 
phosphorus atom 3JPC = 6.6 Hz was observed, and the coupling between the para carbon and the 
phosphorus atom was not observed. Coupling to both phosphorus atoms are observed for the 
tbutyl carbons. Displacing the adamantyl rest by the tbutyl rest caused no changes in the 29Si 
NMR, two doublets due to the 31P-29Si coupling are observed, at δSi = –3.7 ppm with 2JPSi = 41.7 
Hz and at δSi = –10.1 ppm with 2JPSi = 10.6 Hz for the trans SiMe3 group. 
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   In the EI spectra the molecular ion is detected at m/z = 445 with a relative intensity of 38 
% and the base peak is at m/z = 372 which is the [M-SiMe3]
+ cation. The IR spectrum shows one 
strong absorption at ~ 829 cm-1 characteristic of the P-N-P skeleton,[188,189] one medium 
absorption at 1086 cm-1 was assigned to the C=P stretching frequency,[190] ν(SiMe3) band was 
found at 1246 cm-1 (medium absorption).[191] 
  Pale yellow crystals were grown from a tetrahydrofuran/pentane mixture. Compound 27 
(Figure 3.2.3) crystallizes triclinic in the space group P-1. The crystal structure determination 
reveals similar bond lengths to 26. N exhibits a slightly distorted trigonal-planar structure (the 
sum of the angles about N equals 115.4 + 119.5 + 116.7 = 351.6°). Two of the three bond angles 
between the phosphorus substituents [N-P(2)-C(14) 106.96(6) and N-P(2)-C(14) 104.91(6)] are 
near to the tetrahedral angle of 109.5°, while the third bond angle [C(14)-P(2)-C(8) 100.52(7)°] is 
smaller. The tButyl rest has a sligh influence on the C(1)-P(1)-N bond angle 112.82(7)° 
[111.45(5)° in 26] but the P(1)-N-P(2) angle decreases from 119.31(5)° in 26 to 116.76(7) in 27.  
 
 
Figure 3.2.4. Molecular structure of 27 with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: P(1)-C(1) 1.664(14), P(1)-N 1.748(12), 
P(2)-N 1.724(11), P(2)-C(14) 1.837(14), P(2)-C(8) 1.839(15), N-C(20) 1.521(18), C(1)-P(1)-N 
112.8(7), N-P(2)-C(14) 104.9(6), N-P(2)-C(8) 107.0(6), C(14)-P(2)-C(8) 100.5(7), C(20)-N-P(2) 
115.4(9), C(20)-N-P(1) 119.5(9), P(2)-N-P(1) 116.8(7) 
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In both cases (26 and 27), the presence of protic impurities in the reaction mixtures resulted in the 
back formation of the free aminophosphine 18 and 19. A separation of the by-products was not 
possible neither through distillation nor crystallization. 
  In the case of 28, lithiumdiisopropylamide was substituted by nbutyllithium, the reaction 
takes place at –40 °C in THF and the 31P-NMR spectrum from the reaction mixture shows the 
formation of the anion 24 after ca. 1 h, a singlet at 61.3 ppm. After anion formation the solvent 
and the resulting nbutane were removed in vacuo. The residue was then resolved in dry THF and 
added dropwise to a solution of P-chlorophosphaalkene (1) at –40 °C. The 31P-NMR spectrum 
from the reaction mixture shows the formation of the desired product (a broad signal by 335.8 
ppm corresponding to the C=P phosphorus atom and a second broad signal by 58.8 ppm for the 
PPh2 phosphorus atom). The solution was then concentrated, and the resulted lithium chloride 
was precipitated by addition of pentane. After filtration over Celite the solvent was removed in 
vacuo affording a yellow solid. The solid was then dissolved in dry C6D6 and a 
31P-NMR 
spectrum was recorded, this time the spectrum shows that the product decomposed to the 
aminophosphine 20, the aminophosphaalkene 30 and other compounds.  
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Scheme 3.2.10 Reaction of 20 with nBuLi and 1 
 
The major product of the reaction, 28, (28:26:20/3:1:1) was characterized only by 31P-NMR 
spectroscopy. The broadness of the signals exhibited by 31P-NMR indicates probably that a slow 
(on NMR time scale) conformational equilibrium occurred. As prove of the formation of the P-
phosphanylamino-phosphaalkene 28 single crystals suitable for X-ray diffraction analysis were 
grown by slow diffusion of pentane into a dichloromethane solution of 28. 
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Figure 3.2.5. Molecular structure of 28 with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: P(1)-C(1) 1.662(14), P(1)-N 1.706(11), 
P(2)-N 1.742(11), P(2)-C(14) 1.831(13), P(2)-C(8) 1.838(13), N-C(20) 1.458(16), C(1)-P(1)-N 
116.9(6), N-P(2)-C(14) 104.2(5), N-P(2)-C(8) 104.9(6), C(14)-P(2)-C(8) 102.4(6), C(20)-N-P(1) 
110.8(8), C(20)-N-P(2) 123.4(8), P(1)-N-P(2) 125.8(6) 
 
  Compound 28 (Figure 3.2.5) crystallizes monoclinic in the space group P21/n. The 
distances between nitrogen and the two phosphorus atoms are different [P(1)-N 1.706(11) Å and 
P(2)-N 1.741(11) Å] (as a result of the electronic effects of the diisopropylphenyl group) and the 
P=C bond length with 1.662(14) Å is in the usual PC double bond length (about 1.66 Å).[90,93] 
The same electronic effects affect also the N-C(8) bond length of 1.458(16) Å that is significantly 
shorter in comparison with the tbutyl [1.521(18) Å] or 1-adamantyl (1.517(13) Å) compounds. N 
exhibits a trigonal-planar geometry with the sum of the angles about N equals 123.4 + 110.8 + 
125.8 = 360.0°. All three bond angles between the phosphorus substituents P(2) [N-P(2)-C(26) 
104.23(5), N-P(2)-C(20) 104.90(6) and C(26)-P(2)-C(20) 102.38(6)°] are smaller than the 
tetrahedral angle of 109.5°. The C(1)-P(1)-N [116.92(6)°] and the P(1)-N-P(2) [125.77(6)°] bond 
angles are now larger compared to 26 and 27. 
  The synthesis of 29 is similar to that described for 26 and 27; the anion appears as 
expected, as singlet at 58 ppm, at lower field compared to the other anions. Using bulky 2,4,6-tri-
tbutylphenyl group (Mes*) at the central imino function in order to stabilize the molecule the 
reaction between the anion and (Me3Si)2CPCl (1) leads to the formation of two rotamers in a 5:1 
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ratio (29* : 29) as shown in the 31P-NMR spectrum. A yellowish solid was isolated in a good 
yield (90 %).  
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Scheme 3.2.11 Reaction of 21 with LDA and 1 
 
The compounds 29, 29* are exhibiting in 31P-NMR two AX-patterns which can be explained by 
the presence of two rotamers implying hindered rotation around the P-N bond.  
 
31P-NMR 29 29* 
δA (P=C)(ppm) 337.7 330.5 
δX (PPh2)(ppm) 55.1 74.0 
2
JPP (Hz) 21 57 
Table 3.2.6 31P-NMR data for rotamers 29 and 29* 
 
  The chemical shift values for the P=C moiety (δP = 337.7 ppm, respective δP = 330.5 
ppm) are shifted by ca. 40 to high field compared with the corresponding δP values of 26 or 27, 
and just with ca. 7 ppm between rotamers. The chemical shift value δP for the PPh2, in 29 is 
shifted by ca. 20 ppm to high field compared with 29*. Due to the large coupling 2JPP, with a 
value of 57 Hz, 29* is assumed to be the rotamer with both phosphorus lone pairs in a syn axial 
arrangement.[65] In the EI spectra no molecular ion is detected and the base peak is at m/z = 388 
which corresponds to the [M-Mes*]+ cation. 
  Single crystals suitable for X-ray diffraction were grown by slow diffusion of pentane into 
a dichloromethane solution of the product 29. 
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Figure 3.2.6 Molecular structure of 29 with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: P(1)-C(1) 1.663(11), P(1)-N 1.712(9), P(2)-
N 1.771(9), P(2)-C(14) 1.851 (13), P(2)-C(8) 1.851(13), N-C(20) 1.466(13), C(1)-P(1)-N 
120.9(5), N-P(2)-C(14) 108.7(5), N-P(2)-C(8) 108.7(5), C(14)-P(2)-C(8) 98.1(5), C(20)-N-P(1) 
126.1(7), C(20)-N-P(2) 116.6(7), P(1)-N-P(2) 117.2(5) 
 
 Compound 29 crystallizes orthorhombic in the space group P212121. The distances 
between nitrogen and the two phosphorus atoms are different [P(1)-N 1.712(9) Å and P(2)-N 
1.771(9) Å] and the P=C bond length remains in the normal range 1.662(14) Å. The N-C(20) 
bond length is 1.466(13) Å similar to that in 28 [1.458(16) Å] but shorter compared to the tbutyl 
[1.521(18) Å] or adamantyl [1.517(13) Å] compounds. N exhibits a trigonal-planar geometry 
with the sum of the angles about N equals 126.1 + 116.6 + 117.2 = 360.0°. Two of the three bond 
angles between the P(2) phosphorus substituents [N-P(2)-C(14) 108.72(5)° and N-P(2)-C(8) 
108.72(5)°] are near to the tetrahedral angle of 109.5°, while the third bond angle [C(14)-P(2)-
C(8) 98.10(5)°] is smaller. The C(1)-P(1)-N bond angle [120.87(5)°] is larger than in 26, 27 or 28 
and the P(1)-N-P(2) [117.23(5)°] is similar to 26 and 27. A comparison between the selected 
bond lengths and angles of 26-29 is presented in Table 3.2.7. 
As it can be seen, the electronic effects of the N substituents have no influence on the P=C bond 
length, but influence the N-C(20) bond (is shorter for 28 and 29) and the P-N bonds. 
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Bond lengths (Å) and angles (°) 26 27 28 29 
P(1)-C(1) 1.665(12) 1.664(14) 1.662(14) 1.663(11) 
P(1)-N 1.746(9) 1.748(12) 1.706(11) 1.712(9) 
P(2)-N 1.724(10) 1.724(11) 1.742(11) 1.771(9) 
N-C 1.517(13) 1.521(18) 1.458(16) 1.466(13) 
P(1)-N-P(2) 119.3(5) 116.8(7) 125.8(6) 117.2(5) 
C-N-P(1) 116.5(7) 119.5(9) 110.8(8) 126.1(7) 
C-N-P(2) 118.3(7) 115.4(9) 123.4(8) 116.6(7) 
C(1)-P(1)-N 111.4(5) 112.8(7) 116.9(6) 120.9(5) 
N-P(2)-C(8) 109.1(5) 107.0(6) 104.9(6) 108.7(5) 
N-P(2)-C(14) 104.8(5) 104.9(6) 104.2(5) 108.7(5) 
C(14)-P(2)-C(8) 97.7(5) 100.5(7) 102.4(6) 98.1(5) 
Table 3.2.7 Selected bond lengths (Å) and angles (°) for 26-29 
 
 
3.2.4 P-Phosphanylamino-phosphaalkenes: reactivity towards Se 
 
  There has been an increasing interest, in the last period, in chelating ligands that comprise 
mixed donor sets. This latter property is of particular interest if the complexes have applications 
as reagents or in homogeneous catalysis. A family of monoxidised bisphosphines is available 
from the oxidation of chiral bisphosphines by chalcogens other than oxygen. There is a wealth of 
literature on the preparation of phosphine sulfides and selenides by direct reaction of the 
corresponding phosphine with the elemental chalcogen.[181,182] Such ligands are very interesting, 
since the donor properties of phosphine sulfides and selenides are quite different from the parent 
phosphines and indeed, from phosphine oxides. A bisphosphine monosulfide or monoselenide 
might well prove to induce a more pronounced electronic asymmetry and in its complexes may be 
able to exhibit different coordination behavior. 
Reaction of P-phosphanylamino-phosphaalkene 26 and 27 with an excess of grey 
Selenium furnished the monoselenides 33 and 34 as shown in 31P-NMR. The three coordinated 
phosphorus atom reacted, whereas the sp2-phosphorus atom remained unchanged. In contrast to 
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the selenization of diphosphenes and other phosphaalkenes, no diselenization product was 
obtained even if an excess of elemental selenium was employed. The results are understandable 
taking into account the fact that the three coordinated phosphorus atom is more basic than the two 
coordinated phosphorus. Compounds 33 and 34 are instable in solution, after a short time they are 
decomposing to 31, 32 and 35.  
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Scheme 3.2.12. Selenization of P-phosphanylamino-phosphaalkenes  
 
A similar observation was made by J. Mahnke[183] regarding the stability of 
dialkylselenophosphinito-methylenephosphines, where a “scrambling reaction” takes place: 
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Scheme 3.2.13 Decomposition of P- selenophosphinito-methylenphosphine [67] 
 
  The decomposition of 34 leads to 32[184] and 35,[183] compounds known in the literature, 
making possible the spectroscopic characterization of 34. In order to obtain spectroscopic 
information (1H, 13C NMR) about 33 the characterization of 31 was necessary. 
  The 31P-NMR spectra for 33 and 34 do not exhibit the expected doublets due to the 31P-
31P coupling (even by measurements at different frequencies) but singlets (33, δP = 351.4 ppm for 
P=C phosphorus and δP = 44.6 ppm for PPh2 phosphorus; 34, δP = 347.8 ppm for P=C 
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phosphorus and δP = 46.7 ppm for PPh2 phosphorus) where the phosphaalkene signals appear at 
higher field compared to 26 (δP = 374 ppm) and 27 (δP = 373 ppm), and the chalcogenyl P signals 
are moved slightly to low field, 44.6 (33) and 46.7 (34) ppm, relative to the starting material, 37.7 
(26) and 44.4 (27). Additionally, the higher field resonance show selenium satellites with 1JPSe of 
753 Hz in C6D6 (742 Hz in CDCl3) for 33 and 753 Hz in C6D6 for 34, both values are typical for 
phosphine selenides.[185] 
  There is a well-developed field of coordination chemistry based upon bisphosphines 
doubly oxidised by sulfur or selenium, but very few reports of the monoxidised versions have 
appeared. The 31P-31P coupling for the related bis(phosphines) varies from 110 Hz[185] to 8.8 
Hz.[186]  
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2
JPP = 50.8 Hz
[71]  2JPP = 8.8 Hz 
 
  This variation between the values of the phosphorus-to-phosphorus coupling can be 
attributed to the difference in the basicity of the nitrogen atoms. In the above mentioned examples 
there is a marked difference in basicity at the nitrogen. This in turn will have an effect on the 
nature of the (P–N) bonds and thus the extent to which the phosphorus centers will couple. 
In the 13C-NMR spectrum of 33 the C=P chemical shift, a doublet of doublets, is moved toward 
high field (δC = 183.4 ppm) compared to 26 (δC = 191.0 ppm) with a 1JCP = 101.8 Hz and a 3JCP = 
4.6 Hz. The coupling to two different phosphorus atoms was also observed for the ipso and orto 
carbon atoms from the phenyl ring, the 1JCP of 87.4 Hz is very largely related to 26 (
1
JCP = 17.7 
Hz) but normal for a selenophosphine.[184] The 13C-NMR spectrum of 34 shows no significant 
differences compared to 26. 
  To characterize compound 31, Ph2PNHAda was reacted with grey selenium in CDCl3. 
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Scheme 3.2.14 Reaction of aminophosphine 18 with Se 
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  Compound 31 was isolated as colorless solid and it was characterized by NMR 
spectroscopy, elemental analysis and mass spectrometry. Ph2P(Se)NHAda (31) exhibits in the 
31P-NMR spectrum a singlet at 44.8 ppm flanked by satellites due to the coupling with 77Se (1JPSe 
= 752 Hz), the 13C-NMR spectrum shows the expected doublets as a result of a 31P coupling, the 
1
JCP = 92 Hz is very large compared to the free aminophosphine (
1
JCP = 13 Hz) but in a normal 
range for such compounds.[184] The 77Se-NMR spectrum shows the expected doublet at -185.6 
ppm with 1JPSe = 752 Hz. In the EI spectra the molecular ion is at m/z = 415 with a relative 
intensity of 100 %.  
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3.3 Coordination chemistry of P-phosphanylamino-phosphaalkene 
ligands 
 
3.3.1 Introduction 
 
  The coordination chemistry of phosphaalkenes has attracted a great interest because of the 
unique electronic structures of C=P bonds.[36,192-195] λ3-σ2-Phosphorus derivatives are often 
compared to their C=C carbon counterparts since phosphorus is isolobal with the C-H fragment. 
The fact that phosphorus is reluctant to give sp and sp2 hybridization has been widely discussed 
and it is now well established that the weak overlap between 3s and 3p atomic orbitals on the 
element is mainly responsible for this situation (large difference in spatial distribution of 
AOs).[196] This very specific electronic situation is supported by experimental observations. Thus, 
in phosphaalkenes (P analogs of alkenes), the angle formed by the substituent at phosphorus and 
the carbon atom (about 100° depending on the substitution scheme at the carbon and phosphorus 
atoms) is significantly reduced compared to classical sp2 classical C- and N-based systems 
(around 120°). Another important consequence of this weaker hybridization concerns the spatial 
distribution of lone pair np at phosphorus. 
  The electronegativity difference is a second major effect that helps to rationalize the 
differences observed in the respective reactivities of C=C, N=C and P=C-based systems. 
Phosphorus (2.1) being more electropositive than carbon (2.5) and nitrogen (3.0) according to the 
Pauling scale, the σ-P-C system is slightly polarized.[197] Michl and co-workers have made UV 
absorption and circular dichroism experiments on phosphinines, and reported that the π-
electronegativity of phosphorus is higher than that of carbon.[198] Therefore, in such systems, 
phosphorus is expected to act as σ-electron donor but as π-electron acceptor. This very specific 
electronic balance makes the π-system apolar and explains why in some cases the reactivity of 
these low coordinate phosphorus compounds compares to that of the carbon derivatives. 
However, in P=C-based systems the phosphorus atom still bears a significant positive charge. 
The NBO calculations on HP=CH2 (B3PW91/6-311++G(3df,2p)) reveal that a positive charge of 
+0.42 e resides at phosphorus; in imines, the nitrogen atom of HN=CH2 bears a negative charge 
(−0.59 e). Though interesting parallels can be established, that the P=C π-bond strength (45 
kcal/mol in HP=CH2) is weaker than that of olefinic systems (65 kcal/mol for CH2=CH2).
[199,200] 
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Figure 3.3.1 Schematic diagrams for the frontier orbitals of C≡O, H2C=NH, H2C=PH, and PH3. 
The orbital levels were estimated by ab initio MO calculations (HF/6-311G(d)) 
 
  Figure 3.3.1 compares frontier orbitals of carbon monoxide, imine, phosphaethene, and 
phosphine.[210] The π* orbital level of the C=P bond is much lower than those of C≡O and C =N 
bonds. On the other hand, the nonbonding orbital including lone pair electrons on the phosphorus 
is situated at a high energy level, close to that of phosphine. Therefore, phosphaalkenes may 
effectively combine with transition metals by σ-donation and π-back-donation interactions. 
Especially, reflecting the markedly low-lying π* orbital, the π-back-donation should be 
remarkable, leading to rather unique structures and reactivities of phosphaalkene complexes. 
  Some of the most usually encountered bonding modes are presented in Scheme 3.3.1: 
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Scheme 3.3.1 Some bonding modes of low coordinate phosphorus-based ligands 
 
  Complexes of mixed bidentate ligands, featuring a diphenylphosphino group and a 
phosphaalkene moiety, were reported by Stelzer [128](Scheme 3.3.2) and Yoshifuji:[202,203] 
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Scheme 3.3.2 Stelzer`s complexes of phosphaalkene-phosphine[128] 
 
Yoshifuji`s 1,3-diphosphapropenes behave as monodentate and bidentate chelate ligands with 
tungsten(0), platinum (II) and palladium(II), in the case of Pd and Pt, the dichloride complexes 
were found to be relatively sensitive toward moisture:  
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Scheme 3.3.3 Coordination chemistry of 1,3-diphosphapropenes[202,203] 
 
Application in homogeneous catalysis 
  Non-kinetically stabilized phosphaalkenes were found to be too reactive to be efficiently 
used as ligands and most studies logically focused on sterically protected molecules such a 1,2-
disubstituted-3,4-diphosphinidenecyclobutenes. These studies were initiated by the group of 
Yoshifuji who first investigated the use of some PdCl2 derivatives in the coupling of para-
bromonitrobenzene with trimethylsilylacetylene in the presence of CuI as additive and 
triethylamine as base.[42] These catalysts proved to be less efficient than the classical 
[PdCl2(PPh3)2] complex and only low conversions were obtained. 
  Most relevant applications in catalysis, for example ethylene polymerisation processes, 
have involved the use of bidentate phosphaalkene ligands such as Yoshifuji`s 1,2-diaryl-3,4-
Results and discussion               55 
diphosphinidene cyclobutene ligands DPCB-Y[41,206-211] and Brookhart`s phosphaalkene-sulfide 
and phosphaalkene-imine ligands.[92,93,204] 
  Similarly to diimine-Pd complexes, PdMe2 complexes were found to be inactive but their 
corresponding cationic monomethyl complexes, which were generated in situ by treatment with 
H(OEt2)2BAr4 [Ar = 3,5-(CF3)2C6H3], showed a good activity. The catalytic activity was found to 
depend on the substitution scheme of the cyclobutene ring. The phenyl rest attached to the 
cyclobutene ring (I) yielded the most satisfying results. The cationic palladium complexes (II) 
tested by Brookhart showed a good activity in oligomerization/polymerisation of ethylene.[205] 
 
C6H5 C6H5
PP Mes*Mes*
Pd
Me Me
S
Pd
P Mes*
Me NCMe
B(ArF)4
 
I               II 
Scheme 3.3.4 Ethylene polymerization catalysts 
 
  The catalytic conversion of allylic alcohols into N and C-allylation products is probably 
the most significant application of DPCB-Y ligands in homogeneous catalysis. This 
transformation, which is known as the “Tsuji-Trost” reaction, is a reliable and widely used 
method that has found many applications in organic chemistry for the facile elaboration of C-C, 
C-N and C-O bonds.[206,207]   
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3.3.2 Group 10 metal complexes of P-phosphanylamino-phosphaalkenes 
 
3.3.2.1 Introduction 
 
  There are only few reports in the literature based on the coordination chemistry of 
bidentates organophosphorus compounds containing unsaturated sp2 phosphorus and normal 
phosphino groups with group 10 metals.[128,202,203] Many reports involve complexes of the 
bis(diphenylphosphino) ligands[215,216] and only few are dealing with phosphaalkene 
complexes.[44,217] The electronegative nitrogen substituent in the case of P-phosphanylamino-
phosphaalkene ligands is expected to enhance the π-acceptor properties of the P=C 
bond.[92,93,204,218] The classical short-bite “PNP” ligands treated with platinum (II) substrates 
afford the corresponding mononuclear species: LPtCl2 
[215,216,219]
  
 
Ph2P
N
PPh2
R Pt(cod)Cl2 or 
Pt(PhCN)2Cl2
Ph2P
N
PPh2
R
Pt
ClCl  
Scheme 3.3.5 PtCl2 complexes of the classical PNP ligands  
 
Yoshifuji`s well-known DPCB (3,4-diphosphanylidenecyclobutenes) ligand affords the expected 
LPtCl2, in 19 % yield, reacting the ligand with Pt(PhCN)2Cl2 at 50 °C for two days.
[220] 
 
PPMes* Mes*
R R
Pt(PhCN)2Cl2
50 °C, 2 d
PPMes* Mes*
R R
Pt
ClCl  
Scheme 3.3.6 Reaction of DPCB ligands with Pt(II)[220] 
 
Similar results were reported by Stelzer[128] and Yoshifuji.[203] 
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3.3.2.2 Reaction of (Me3Si)2C=PN(1-Ada)PPh2 (26) with Pt(cod)Cl2 
 
To test the ability of the P-phosphanylamino-phosphaalkenes to act as chelate, 26 was 
reacted with Pt(cod)Cl2 in a 1:1 or 2:1 ratio (2 eq. ligand to 1 eq. Pt), dropping time 
approximately two hours. The 31P-NMR spectra (measured from the reaction mixture) in both 
cases indicated the complete consumption of the ligand (AX-pattern, δP = +373.5, +37.7 ppm, 
2
JPP = 12 Hz), in favor of a complicated mixture of AX patterns that appear in the chemical shift 
range of +60 to +15 ppm, showing couplings 2JPP and 
1
JPtP. Sets of further weak 
31P-NMR signals 
are assigned to the AM pattern corresponding to 36a, A2M2 pattern [δP = +71, +42 ppm; 
2
JPP = 21 
Hz], and tentatively to higher-order multiplets, partially hidden by platinum satellites of the 
stronger signals. The signals do not appear in the “P=C” range, but rather in a shift range typical 
for tetracoordinated phosphorus, suggesting an unusual bonding mode of the P=C function of 26 
with PtCl2. Further characterization of the species giving rise to AX-patterns, which we 
tentatively assign to isomers of di-µ-Cl-bridged 1:1 complexes (Scheme 3.3.9), has not yet been 
achieved. Crystallization from pentane/dichloromethane (from a 1:1 reaction) provided a very 
small amount of single crystals of 36a, but the major part of the reaction products remained in the 
mother liquor, exhibiting the above-mentioned AX-patterns in the 31P NMR spectrum. 
Redissolved crystals of 36a, however, exhibited in their 31P NMR spectra the above-mentioned 
A2M2 pattern with platinum satellites [δP = +71, +42 ppm; 
2
JPP = 21 Hz]. This pattern is in 
accordance with a trans-configured bis-chelate moiety [Pt(PP`)2], as in a 1:2 chelate complex of 
PtCl2 with ligand 26. The X-ray crystallographic structure determination confirmed that the solid 
36a is a complex of the composition [PtCl2(26)2] (as a 1:1 pentane solvate) with tetracoordinated 
platinum surrounded by two trans-oriented P,P`-chelating ligands in a square-planar fashion, but 
is uniquely different from usual cationic platinum bis-chelates of the type {[PtL4]
2+(X–)2}: there 
are covalent bonds between the phosphorus atoms of the hypothetical cationic moiety [Pt(26)2]
2+ 
and the two chlorine atoms. The molecular structure of 36a is shown in Figure 3.3.2. 
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Figure 3.3.2 Molecular structure of 36a (left: asymmetric unit, right: complex molecule) with 
thermal displacement parameters drawn at 50% probability. Selected bond lengths [Å] and angles 
[°]: Pt-P(2)#1 2.290(5), Pt-P(2) 2.290(5), Pt-P(1) 2.341(5), Pt-P(1)#1 2.341(5), P(1)-C(1) 
1.673(2), P(1)-N 1.762(17), P(1)-Cl 2.111(7), P(2)-N 1.694(16), P(2)#1-Pt-P(2) 180.0, P(2)#1-Pt-
P(1) 109.7(17), P(2)-Pt-P(1) 70.3(17), P(2)#1-Pt-P(1)#1 70.3(17), P(2)-Pt-P(1)#1 109.7(17), 
P(1)-Pt-P(1)#1 180.0(1), C(1)-P(1)-N 117.4(9), C(1)-P(1)-Cl 107.9(8), N-P(1)-Cl 103.0(6), C(1)-
P(1)-Pt 132.6(8), N-P(1)-Pt 92.6(5), Cl-P(1)-Pt 99.1(2), N-P(2)-Pt 96.2(6), P(2)-N-P(1) 101.0(9), 
Symmetry transformations used to generate equivalent atoms: #1 -x+1,-y+1,-z+1.  
 
In the cell packing, the molecules of 36a are linked by non-classical hydrogen bonds of 
CH(phenyl)…Cl. (Figure 3.3.3) 
 
_________________________________________________________________ 
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
_________________________________________________________________ 
C(18)-H(18)...Cl#2 0.95 2.99 3.655(2) 128.5 
C(17)-H(17)...Cl#2 0.95 3.04 3.681(2) 125.7 
_________________________________________________________________ 
Table 3.3.1 Hydrogen bonds [Å and °]. Symmetry transformations used to generate equivalent 
atoms: #1 -x+1,-y+1,-z+1; #2 x+1,y,z   
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Figure 3.3.3 Packing diagram of compound 36a  
 
The addition of two chloride ions to the phosphaalkene phosphorus atoms of the 
hypothetical cationic moiety trans-[Pt(26)2]
2+ leads formally to two four-coordinate stereogenic 
phosphorus atoms P(C)(N)(Cl)(Pt) in the resulting molecular complexes. Complex 36a consists 
of a centrosymmetric molecule with trans orientation of the two types of phosphorus atoms 
around platinum; the chlorine atoms are anti oriented, one above and one below the square plane 
(R,S). The alternative (R)- or (S) configurations at the phosphorus atom, together with the 
intrinsic possibility of cis- or trans-P,P`-chelate ligand orientations around square-planar 
platinum, mean that up to four stereoisomers 36a–36d are possible (Scheme 3.3.7). 
 
Cl 
H 
H 
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Scheme 3.3.7 Relative energies of complexes related to isomers 36a–36d for ligands 1` and for 
1`` (in boldface) [(H3Si)2C=PN(Me)PR`2, R`: Me (1`), Ph (1``)] in kcal mol
–1 at the 
B3LYP/B//B3LYP/A level of theory [221] 
 
Variation of the reaction conditions and of the solvent mixtures for crystallization allowed us to 
isolate a few single crystals of two further isomers, 36b and 36c (Scheme 3.3.7), of the platinum 
complex 36.  
Complex 36b (crystallised from CH2Cl2/CH3CN) is another trans complex, but with syn 
orientation of the Cl atoms, which leads to a chiral molecule that has no imposed symmetry. The 
insertion of the carbenoid phosphorus atom into the Pt–Cl bonds must have involved an attack of 
the two chlorine nucleophiles at the two electrophilic phosphorus atoms from the same side of the 
square plane. Complex 36c (from THF/pentane) contains the chelate ligands with a cis 
arrangement of the PPh2 groups and of the P=C functions; one of its chlorine atoms is above and 
the other is below the square plane (anti), i.e. the complex displays approximate C2-symmetry. 
Solid 36b and 36c exist as racemic mixtures of (R,R) and (S,S) enantiomers. 
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Figure 3.3.4 Molecular structure of 36b with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: Pt-P(4) 2.284(4), Pt-P(2) 2.290(4), Pt-P(1) 
2.331(5), Pt-P(3) 2.337(4), P(1)-C(1) 1.675(17), P(1)-N(1) 1.765(15), P(1)-Cl(1) 2.097(6), P(2)-
N(1) 1.700(14), P(3)-C(20) 1.666(18), P(3)-N(2) 1.764(14), P(3)-Cl(2) 2.099(6), P(4)-N(2) 
1.692(14), P(4)-Pt-P(2) 177.5(18), P(4)-Pt-P(1) 108.0(16), P(2)-Pt-P(1) 70.9(16), P(4)-Pt-P(3) 
70.7(15), P(2)-Pt-P(3) 109.9(16), P(1)-Pt-P(3) 167.5(15), C(1)-P(1)-N(1) 119.4(8), C(1)-P(1)-
Cl(1) 106.3(7), N(1)-P(1)-Cl(1) 101.8(5), C(1)-P(1)-Pt 132.6(7), N(1)-P(1)-Pt 92.3(5), Cl(1)-
P(1)-Pt 99.6(2), C(20)-P(3)-N(2) 118.3(8), C(20)-P(3)-Cl(2) 107.0(6), N(2)-P(3)-Cl(2) 101.6(5), 
C(20)-P(3)-Pt 133.3(6), N(2)-P(3)-Pt 92.1(5), Cl(2)-P(3)-Pt 99.6(2), P(2)-N(1)-P(1) 101.3(7), 
P(4)-N(2)-P(3) 101.3(7). 
 
In the crystal packing of 36b, the syn orientation of the chlorine atoms is very well exposed and 
the molecules are linked via non-classical hydrogen bonding employing the chlorine atoms and 
the protons of the adamantyl and the trimethylsilyl group. The packing diagram is illustrated in 
Figure 3.3.5. 
_________________________________________________________________ 
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
_________________________________________________________________ 
C(24)-H(23)...Cl(1)#1 0.98 2.96 3.644(2) 127.9 
C(57)-H(57)...Cl(2)#2 1.00 2.83 3.716(2) 147.9 
_________________________________________________________________ 
Table 3.3.2 Hydrogen bonds [Å and °]. Symmetry transformations used to generate equivalent 
atoms: #1 x+1,y,z; #2 -x+1,-y+1,-z  
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Figure 3.3.5 Crystal packing of 36b. 
 
 
Figure 3.3.6 Molecular structure of 36c with thermal displacement parameters drawn at 30% 
probability. Selected bond lengths [Å] and angles [°]: Pt-P(4) 2.281(8), Pt-P(2) 2.283(9), Pt-P(3) 
2.349(9), Pt-P(1) 2.359(8), P(1)-C(1) 1.677(3), P(1)-N(1) 1.770(3), P(1)-Cl(1) 2.092(12), P(2)-
N(1) 1.686(3), P(3)-C(20) 1.670(4), P(3)-N(2) 1.768(3), P(3)-Cl(2) 2.101(14), P(4)-N(2) 
1.680(3), P(4)-Pt-P(2) 108.8(3), P(4)-Pt-P(3) 70.4(3), P(2)-Pt-P(3) 178.4(4), P(4)-Pt-P(1) 
176.3(3), P(2)-Pt-P(1) 70.6(3), P(3)-Pt-P(1) 110.3(3), C(1)-P(1)-N(1) 117.1(15), C(1)-P(1)-Cl(1) 
106.3(13), N(1)-P(1)-Cl(1) 102.7(11), C(1)-P(1)-Pt 135.7(13), N(1)-P(1)-Pt 91.3(10), Cl(1)-P(1)-
Pt 98.9(4), C(20)-P(3)-Cl(2) 107.3(14), N(2)-P(3)-Cl(2) 102.5(10), C(20)-P(3)-Pt 133.5(16), 
N(2)-P(3)-Pt 91.6(9), Cl(2)-P(3)-Pt 100.8(5), P(2)-N(1)-P(1) 101.9(15), P(4)-N(2)-P(3) 
101.5(14).  
Cl2 
H57 
Cl1 
H24 
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Unit-cell packing diagram of 36c, ilustrated in Figure 3.3.7, shows explicitly the trans orientation 
of the chlorine atoms and the dimers formation through Cl(1)-H(16) contacts. 
 
_________________________________________________________________ 
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
_________________________________________________________________ 
C(16)-H(16)...Cl(1)#1 0.95 2.82 3.646(5) 146.0 
_________________________________________________________________ 
Table 3.3.3 Hydrogen bonds [Å and °].Symmetry transformations used to generate 
equivalent atoms: #1 -x,-y+1,-z+1       
 
 
Figure 3.3.7 Packing diagram of 36c 
 
  Since the molecular structures of 36a (Figure 3.3.2), 36b (Figure 3.3.4) and 36c (Figure 
3.3.6) differ only slightly, they are discussed together. Chelate 36a crystallizes triclinic in the 
space group P -1 (with one disordered pentane molecule), 36b crystallizes triclinic in the space 
group P -1 and 36c monoclinic in the space group P 21/n. 
As shown in Table 3.3.4, bond lengths and angles of 36a, 36b and 36c show no significant 
differences. The overall geometry around platinum is square planar, as expected for a d8 center, 
and the four phosphorus atoms are nearly located in the same plane. In all three isomers, each 
bidentate ligand unit has acquired one chlorine atom bonded to a (formerly) phosphaalkene 
phosphorus atom. The geometry around this phosphorus atom is distorted tetrahedral in all three 
isomers, with bond angles between 98 and 108°. Under the criterion of bond lengths, the 
P=C(SiMe3) groups of 26 remain unaffected upon coordination [ligand: P=C 1.665(1) Å; 
complexes P+–C–: 36a 1.673(2) Å; 36b 1.675(17) and 1.666(18); 36c 1.677(3) and 1.669(4)]. The 
bond from the ylide phosphorus to nitrogen, however, is lengthened to 1.7618(17) Å (36a), 
1.765(15) Å (36b) and 1.769(3) Å (36c), respectively, relative to 1.746(1) Å in ligand 26, 
Cl 
H 
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concomitant with a shortening of the other P–N bond lengths [Ph2P–N; 26: 1.724(1); 36a: 
1.6942(16) Å; 36b: average 1.696(14) Å, 36c: average 1.682(3) Å] upon coordination. The Ph2P 
groups are strongly coordinated to the platinum [Pt–P: 36a 2.2900(5) Å; 36b average 2.287(4) Å, 
36c average 2.282(8) Å] but still in the normal range for this type of bond.[219] The Pt-P(ylid) 
bond strengths [36a: 2.341(5) Å; 36b: average 2.335(5) Å, 36c: average 2.355(8) Å] are similar 
to those reported for the platinadiphospholene.[222] 
 
 
Selected bond lengths (Å) 
and angles (°) 
26 36a 36b 36c 
C=P 
 
(C)P-N 
 
(Ph)P-N 
 
P-Cl 
 
(C)P-Pt 
 
(Ph)P-Pt 
 
(C)P-N-P(Ph) 
 
1.665(12) 
 
1.746(9) 
 
1.724(10) 
 
- 
 
- 
 
- 
 
119.3 
1.673(2) 
 
1.762(17) 
 
1.695(16) 
 
2.111(7) 
 
2.341(5) 
 
2.290(5) 
 
101.0(9) 
1.675(17) 
1.666(18) 
1.765(15) 
1.764(14) 
1.700(14) 
1.692(14) 
2.100(6) 
2.100(6) 
2.332(5) 
2.337(4) 
2.290(4) 
2.284(4) 
101.3(7) 
101.3(7) 
1.677(3) 
1.669(4) 
1.770(3) 
1.768(3) 
1.686(3) 
1.679(3) 
2.092(12) 
2.101(14) 
2.360(8) 
2.349(9) 
2.283(9) 
2.281(8) 
101.9(15) 
101.5(14) 
Table 3.3.4 Comparison of selected bond lengths and angles for 26, 36a-c 
 
As determined by X-ray analysis each ligand has one chlorine bonded to a P=C 
phosphorus atom. This phosphorus atom acts as σ-donor towards platinum and as σ-acceptor 
towards the chlorine atom, i.e. the phosphaalkene phosphorus atom has inserted into a carbene-
like fashion into the Pt–Cl bond. Carbene-like behavior of uncharged two-coordinate phosphorus 
is common in the chemistry of iminophosphines RP=NR`, but it is unusual in phosphaalkene 
chemistry.[218] A 1,1-addition of metal–Cl units to a sp2 hybridized phosphorus atom was reported 
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by Le Floch et al but in this case the P=C bond was part of a phosphinine S-P-S pincer 
ligand.[223,224]  
 
P PPh2Ph2P
PhPh
S S
P PPh2Ph2P
PhPh
S S
X
M
X
M(II)X2
M = Ni, Pd, Pt
X = Cl or Br  
Scheme 3.3.8 Addition of metal–Cl units to a S-P-S pincer ligand. [223,224] 
 
Chlorine migration from platinum to a three coordinated phosphorus atom belonging to 
bicycles[225] or cages with the insertion of Pt(PX3) fragments into a P-P bond was reported by 
Nixon et al.[226] (Scheme 3.3.9) 
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Scheme 3.3.9 Insertion of Pt(PX3) fragments into a P-P bond
[226] 
 
Formation of tetracoordinated phosphonium centres as parts of P-chloro-P-metallaylide 
functions (N)(Cl)(M)P(+)–C(–)(SiMe3)2 in 36a–36c by Pt–Cl addition to two-coordinate 
phosphorus can be considered as the reverse reaction of 1,1-eliminations on organic P-
chloroylides R2P(Cl)=CHR` leading to phosphaalkenes RP=CHR`. Lewis acids are known to 
catalyse such eliminations by the formation of cationic species [R2P=CHR`]
+.[227-230] 
It is relatively difficult to propose a definitive mechanism to account for the formation of 36a-c. 
Initially, a displacement of the cod ligand by the two phosphorus atoms takes place followed by 
the chlorine migration from platinum to phosphorus. The ylid phosphorus atom in the “σ-adduct“ 
from Pt P chlorine migration in the intermediate 1:1 complex is not a strong π-acceptor 
anymore, but anion migration creates a vacant coordination site at platinum that gives rise to the 
formation of chloride-bridged dimers (Scheme 3.3.10), or to attack by a second molecule of 26, 
leading to the less soluble 1:2 complexes 36a–c.  
 
Results and discussion               66 
Pt(cod)Cl2
P PPh2
N
Me3Si
Me3Si Ada
Pt
Cl
Cl
+ 26 36a-cP
N
P
Me3Si
Me3Si Ph
Ph
Ada
26
dimers  
Scheme 3.3.9 Proposed pathway to complexes 36a-c 
 
It must be noted that chelates 36 are slightly soluble in chlorinated solvents (dichloromethane, 
chloroform) and insoluble in benzene, acetonitrile, pentane, toluene. 
To understand and to control the migration of anionic ligands from the metal to unsaturated PNP 
ligands (“anionotropy”) the next steps are obvious:  
a) “regeneration“ of the hypothetic cis- and trans-[Pt(L)2]
2+ cations by chloride abstraction from 
the P-chloroylid functions with LEWIS acids: such reactions are known from organic P-
chloroylids; [227-230] 
b) avoiding irreversible anionotropy through bulkier and more electron-releasing substituents at 
C, P, and/or N that will affect the reactivity of phosphorus towards nucleophiles;[92,93,218]  
c) extending the study to other metals. 
 
  Experiments aimed to convert chelate 36 into phosphaalkene complexes by abstraction of 
the chloride substituents using AgOTf as chloride abstractor led exclusively to complicated 
mixtures of compounds that could not be identified. Reacting two equivalents 26 with a mixture 
of one equivalent Pt(cod)Cl2 and two equivalents AgOTf (in order to form the Pt(II) complexes 
and subsequently to abstract the chlorine) led to a visible change of color from yellow to red and 
the resulted precipitate was removed by filtration. The solution was then concentrated and by 
addition of pentane a red solid (viscous oil) was formed on the bottom of flask, the pentane 
solution being yellow colored. The yellow pentane solution (after concentration) and the red solid 
(after washing with pentane) were investigated by 31P-NMR spectroscopy. The 31P-NMR 
spectrum from the red solid exhibits a doublet by δP = 100 ppm with 2JPP = 48 Hz and 1JPPt = 
4194 Hz, a broad doublet by δP = 98 ppm with 2JPP = 34 Hz and 1JPPt = 4245 Hz, and singlets by 
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δP = 36.2 ppm and δP = 30.1 ppm. The 31P-NMR spectrum measured from the yellow solid 
exhibits broad signals by δP = 337.9 ppm, δP = 41.3 and 35.2 ppm. Yellow crystals suitable for X-
ray diffraction analysis were grown from a dichloromethane/pentane mixture revealing the 
formation of a Ag(I) complex 37. 
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 Scheme 3.3.10. Unexpected formation of the Ag complex 37 
 
Complex 37 crystallizes monoclinic in the space group P21/n with one adamantyl group 
disordered over two positions and two dichloromethane molecules (one CH2Cl2 disordered). The 
silver atom is coordinated to three phosphorus atoms (two PPh2 and one P=C) and to an oxygen 
atom (O1) of trifluoromethanesulfonate, displaying a distorted tetrahedral coordination.  
As illustrated in Table 3.3.5 the bond lengths does not change significantly upon 
coordination to silver but the P(1)N(1)P(2) bond angle decreases from 119.3° (free ligand) to 
104.8° upon coordination of both phosphorus atoms to Ag. The P(4)-N(2)-P(3) angle decreases 
slightly from 119.3° (26) to 115.0° after coordination of the Ph2P phosphorus atom to Ag. The 
P(1)-Ag bond length (2.740 Å) is significantly longer compared to that reported for other 
complexes with silver coordinated to a phosphaalkene phosphorus atom (2.523 Å[237], 2.403 
Å[238]). 
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Figure 3.3.8 Molecular structure of 37 with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: Ag-O(1) 2.438(2), Ag-P(2) 2.448(8), Ag-
P(4) 2.457(8), Ag-P(1) 2.740(9), P(1)-C(1) 1.663(3), P(1)-N(1) 1.774(3), P(2)-N(1) 1.692(3), 
P(3)-C(30) 1.660(3), P(3)-N(2) 1.761(3), P(4)-N(2) 1.698(3), O(1)-Ag-P(2) 111.2(6), O(1)-Ag-
P(4) 110.2(6), P(2)-Ag-P(4) 136.2(3), O(1)-Ag-P(1) 98.4(6), P(2)-Ag-P(1) 63.6(3), P(4)-Ag-P(1) 
122.9(3), P(2)-N(1)-P(1) 104.8(14), P(4)-N(2)-P(3) 115.0(14).  
 
 The P(2)-Ag 2.448 (8) Å and P(4)-Ag 2.457(8) Å distances are in good agreement with 
those found for analogous bis(diphenylphosphino)amine Ag complexes reported earlier.[239,240] 
The Ag-O(1) distance of 2.438 Å is comparable to those related for similar compounds.[241] 
 
Selected bond lengths (Å) 
and angles (°) 
26 37 
C=P 
 
(C)P-N 
 
(Ph)P-N 
 
(C)P-N-P(Ph) 
 
1.665(12) 
 
1.746(9) 
 
1.724(10) 
 
119.3(5) 
1.663(3) 
1.660(3) 
1.774(3) 
1.761(3) 
1.692(3) 
1.698(3) 
104.8(14) 
115.0(14) 
Table 3.3.5 Selected bond lengths and angles for 26 and 37 
 
Results and discussion               69 
The solid state structure of compound 37 allowed us to understand the broadness of the signals 
which can be explained by the fluxional behavior in solution, typical for the coordination 
chemistry of silver.[241-243] Complex 37 contains a weakly coordinating anion (triflate) and 
probably exists essentially in solution as an ionic species. The fluorine spectra show a resonance 
at about -78.2 ppm for the triflate group so we can not distinguish between ionic or covalent 
triflate. 
 
 
3.3.2.3 Reaction of (Me3Si)2C=PN(tBu)PPh2 (27) with Pt(cod)Cl2 
 
   Since attempts to obtain the hypothetic cis- and trans-[Pt(L)2]
2+ cations by chloride 
abstraction had failed, it was thought that changing the rest at nitrogen, from 1-adamantyl to 
tbutyl will avoid the “anionotropy”.  
Ligand 27 was allowed to react with an equivalent amount of platinum, the ligand 
solution (in dichloromethane) being added very slowly, using a dropping funnel, within ca. 5 
hours, to the Pt(cod)Cl2 solution. Upon adding the ligand solution, the reaction mixture turned 
orange and a yellow powder precipitated. The yellow powder could be isolated by filtration from 
the reaction mixture. The 31P-NMR spectrum from the reaction mixture shows the formation of 
two isomers with very similar chemical shifts but other patterns, including platinum satellite 
lines, indicates that several related species exist in solution. 
 
P=C PPh2 
 
δP (ppm) 2JPP (Hz) 1JPPt (Hz) δP (ppm) 2JPP (Hz) 1JPPt (Hz) 
Major isomer 327.7 32.2 189 87.0 31.9 5426.2 
Minor isomer 323.0 32.0 - 85.7 30.8 - 
“-” due to the low intensity no satellites were observed 
Table 3.3.6 31P-NMR data of the isomers observed in the reaction of 27 with Pt(cod)Cl2 
 
The assignment of the signals was based on the intensity of the doublets, the isomers 
being formed in a 3:1 ratio. This difference allowed also the characterization of the major isomer 
by means of 1H and 13C-NMR spectroscopy. 1H and 13C-NMR gave us more information 
regarding the structure of the Pt complexes; the spectra are exhibiting just one singlet for the 
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SiMe3 groups revealing that one trimethylsilyl group was eliminated, most probable as 
trimethylchlorosilane. The yellow powder was also characterized by elemental analysis and mass 
spectrometry. Based on the NMR spectroscopy we can suppose that the two isomers are the 
dimeric, chloro-bridged platinacycles: 38´ and 38´´. (Scheme 3.3.11) 
The doublet at δP = 327.7 ppm moved with ca. 45 ppm toward high field (compared to 27) 
suggests that the phosphaalkene phosphorus atom did not suffer significant changes. The small 
31P-195Pt coupling constant of 189 Hz does not help us to determine the exact structure of the 
complexes because of the large interval found for the 31P-195Pt couplings (JPPt values between 60 
and 9000 Hz)[65] but suggests either a η2 ligation or a coordination through the carbon atom to 
platinum. The second doublet was found at δP = 87.0 ppm with a 2JPP = 31.9 Hz and a 1JPPt = 
5426 Hz. This coupling to 195Pt reveals that the PPh2 phosphorus is bonded directly to platinum, 
the coupling constant is large but still in the normal range for a diphenylphosphino group 
coordinated to Pt(II).[65]  
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Scheme 3.3.11 Syntheses of the chloro-bridged platinacycles 
 
Elemental analysis is in accordance with the above formulated structures (with the 
elimination of a SiMe3 group) but unfortunately can not predict the coordination mode of the 
platinum atom to the phosphaalkene moiety. The η1 phosphorus-platinum ligation can not be 
considered because of the small value of the coupling constant. Several different attempts to 
crystallize compound 38 lead to the formation of the compound 39 which crystallizes by slow 
diffusion of acetonitrile into a concentrated dichloromethane solution of 38.  
 
 
Results and discussion               71 
 
Figure 3.3.9 Molecular structure of 39 with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: Pt-C(35) 2.011(2), Pt-N(2) 2.092(2), Pt-
P(1) 2.195(6), Pt-Cl(1) 2.388(6), P(1)-N(1) 1.686(2), P(2)-C(35) 1.661(2), P(2)-N(1) 1.730(2), 
C(35)-Pt-N(2) 97.4(9), C(35)-Pt-P(1) 86.7(7), N(2)-Pt-P(1) 175.4(6), C(35)-Pt-Cl(1) 178.0(7), 
N(2)-Pt-Cl(1) 84.6(6), P(1)-Pt-Cl(1) 91.3(2), N(1)-P(1)-Pt 110.2(7), C(35)-P(2)-N(1) 105.3(11), 
P(1)-N(1)-P(2) 115.3(11). 
 
 Complex 39 crystallizes triclinic in the space group P -1 (with one CH2Cl2 molecule). The 
X-ray diffraction study reveals the formation of a Pt(II) chelate where the Pt atom is located in a 
slightly distorted square planar environment and is surrounded by the metallated carbon atom 
C(35), the chlorine atom Cl(1), the phosphanyl phosphorus atom P(1) and the N (2) atom of a 
acetonitrile molecule. The sum of the bond angles around the Pt atom is 360.0°. The molecule 
deviates only slightly from planarity: for instance, the Pt deviates with 0.02 Å from the plane 
formed by P(1), C(35), N(2) and Cl(1). The distances Pt-C(35) 2.01(2), Pt-N(2) 2.09(2),[244] Pt-
P(1) 2.195(6), Pt-Cl(1) 2.39(6) are all unexceptionally for this type of compounds. The long 
nonbonding P(2)-Pt distance (3.22 Å) and the P(2)-C(35) bond length of 1.66(2) Å eliminates the 
possibility that the C=P moiety is a four-electron donor with a π-donation from the C=P bond to 
Pt. The P(1)-N(1) 1.69(2) Å and P(2)-N(1) 1.73(2) Å are slightly shorter related to 27 (1.72 and 
1.75 Å, respectively). Also the bond angles are decreasing upon coordination, C(35)-P(2)-N(1) is 
decreasing from 112.8° in 27 to 105.3° in Pt complex and the P(1)-N(1)-P(2) from 116.8° to 
115.3°. 
 In the cell packing of compound 39 short intermolecular contact C40-H40···Pt [2.81 Å, 
130°] are observed but this rather long distance excludes the presence of a strong agostic 
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interaction,[245,246] and could imply intermolecular hydrogen bonds of the X-H···M type since the 
sum of the van der Waals radii is 2.92 Å [rvdW(H) =  1.20 Å, rvdW(Pt) = 1.72 Å].[247,248] 
The Figure 3.3.10 reveals also the dimers formation through C40-H40···Pt contacts. These 
dimers are connected to each other through non-classical hydrogen bonds Cl···H.  
__________________________________________________________________ 
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
__________________________________________________________________ 
C(13)-H(13)...Pt#1 0.95 3.37 4.090(2) 134.2 
C(33)-H(33B)...Cl(3)#2 0.98 2.93 3.758(3) 143.5 
C(34)-H(34B)...Cl(2)#2 0.98 2.94 3.911(3) 171.6 
C(40)-H(40C)...Pt#3 0.98 2.81 3.519(3) 129.7 
C(41)-H(41A)...Cl(1)#4 0.99 2.54 3.459(3) 153.7 
__________________________________________________________________ 
Table 3.3.7 Hydrogen bonds [Å and °]. Symmetry transformations used to generate equivalent 
atoms: #1 -x,-y+1,-z    #2 -x+1,-y+1,-z+1    #3 -x+1,-y,-z  #4 -x+1,-y+1,-z 
 
 
 
Figure 3.3.10 Packing diagram of compound 39 
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Scheme 3.3.12 Proposed mechanism for the synthesis of 39 
 
The above proposed mechanism is sustained by appearance of further signals, besides 
those for the 38, in the 31P-NMR spectrum. These signals appear in the chemical shift range of 0 
to 100 ppm, exhibiting coupling to 31P and to 195Pt. The signals do not appear in the “P=C” 
normal range (200-300 ppm), but rather in a shift range typical of tetra-coordinated phosphorus. 
We can not exclude the possibility that other products, exhibiting signals between 0 and 100 ppm, 
are formed as side-products of this reaction. An identification of the signals belonging to the 
intermediate was not possible, taking in consideration that four stereoisomers can be formed. The 
structural differences of the isomers, being too small to create large differences in the chemical 
shifts, made the assignment of the signals difficult.  
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Scheme 3.3.13 Possible isomers of the intermediate species involved in the formation of 38 
 
The splitting of the chloro-bridged platinum complexes in the presence of acetonitrile is not 
unusual, e. g. splitting in the presence of an amine being reported in 1953 by Chatt and Hart.[249] 
The 2:1 reaction of 27 with Pt(cod)Cl2 gave rise to a complicated mixture of products as 
shown by 31P-NMR. It proved to be difficult to identify which products were synthesized because 
of the multitude of the signals (doublets) in the range of 0-100 ppm, also flanked with 195Pt 
satellites which are overlapping with other signals. Anyway, we could identify the signals 
corresponding to 38, because of the low field chemical shift of the C=P phosphorus atom, due to 
the low intensities we can suppose that 38 was formed just in traces. The rest of the signals, most 
of them doublets, are very similar to those from the reaction of 26 with platinum. The singlets 
observed at δP = 22.0 ppm with 1JPPt = 3990 Hz, and δP = 42.0 ppm with 1JPPt = 3010 Hz, 
respectively, proved to be the trans and cis isomers of the tbutylaminophosphine Pt(II) complex 
40, resulted from the reaction of aminophosphine 19 with Pt(II). The difference of the 31P-195Pt 
couplings helped us to assign the larger coupling to the cis isomer and the smaller one to the trans 
isomer.[65] Similar complexes were reported by Priya et al in 2003 where the cis isomers of the 
Ph2PNHRPt(II) complexes (R = Ph, C6H11) were isolated in good yields.
[250]  
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  R = Ph, C6H11   R = Ph, δP = 28.8 ppm, 1JPPt = 3927 Hz 
      R = C6H11, δP = 29.6 ppm, 1JPPt = 3951 Hz 
Scheme 3.3.14 Priya’s cis aminophosphine Pt(II) complexes 
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    cis isomer 40`: δP = 22 ppm, 1JPPt = 3990 Hz 
    trans isomer 40``: δP = 42 ppm, 1JPPt = 3010 Hz 
Scheme 3.3.15 Cis/trans isomers of complex 40 
 
 Single crystals suitable for an X-ray analysis were grown from a dichloromethane/pentane 
mixture. The X-ray analysis confirmed the formation of the trans isomer.  
 Compound 40`` crystallizes monoclinic in the space group P 21/c with half molecule in the 
asymmetric unit. The crystal structure of 40`` (Figure 3.3.11) shows that the geometry around Pt 
is square-planar. The P-Pt–Cl [88.85(17)°] and P-Pt–Cl#1 [91.15(17)°] angles are slightly 
distorted from the ideal 90°. The Pt–P [2.319(5) Å] and Pt-Cl [2.313(5) Å] bond lengths are 
comparable to the distances reported for trans Pt[P(C2H5)3]2Cl2 complexes (Pt-P 2.300 Å, Pt-Cl 
2.294 Å)[251] Compared to the uncoordinated aminophosphine[155] the P-N bond length is slightly 
shortened from 1.687 Å to 1.650 Å upon coordination to Pt(II) center. The C(1)-N-P (134.6°) and 
C(11)-P-C(5) (105.5°) bond angles are slightly larger in the Pt(II) complex compared to 99.6° and 
124.0° (average values in the free tbutylaminophosphine), respectively. A search in the 
Cambridge Database resulted in finding a low number of similar trans- PtCl2 complexes 
compared to the number of the cis isomers. Most of the trans- PtCl2 complexes were wearing 
bulky substituents at nitrogen[252] or at phosphorus atom.[253] 
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Figure 3.3.11 Molecular structure of 40`` with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: Pt-Cl 2.313(5), Pt-Cl#1 2.313(5), Pt-P 
2.319(5), Pt-P#1 2.319(5), P-N 1.650(18), N-C(1) 1.490(3), N-P-C(11) 108.4(9), N-P-C(5) 
109.3(10), C(11)-P-C(5) 105.5(9), N-P-Pt 111.0(7), C(11)-P-Pt 115.1(6), C(5)-P-Pt 107.4(6), 
C(1)-N-P 134.6(15), Cl-Pt-Cl#1 180.00(2), Cl-Pt-P 88.85(17), Cl#1-Pt-P 91.15(17), Cl-Pt-P#1 
91.15(17), Cl#1-Pt-P#1 88.85(17), P-Pt-P#1 180.0. Symmetry transformations used to generate 
equivalent atoms: #1 -x+1,-y+1,-z+1.  
 
 Several attempts to crystallize the rest of the products obtained from the 27 reaction with 
Pt(cod)Cl2 succeeded in the crystallization of the trans/anti (41a) and cis/anti (41c) isomers of 
41. These two isomers are similar to 36a and 36c, reported for the adamantyl derivative. 
Although, for the adamantyl rest three from four possible stereoisomers were characterized by X-
ray analysis, for the ligand bearing the tbutyl rest just two stereoisomers were crystallographically 
characterized. Chelates 41a and 41c crystallizes by slow diffusion of acetonitrile into a 
concentrated dichloromethane solution of 41, 41a by room temperature and 41c keeping the 
mixture at 5 °C for several days. Attempts to crystallize the other two isomers (41b and 41d) 
using different solvents mixtures lead to the crystallization of 41a. Chelate 41a displays a trans-
orientation of the two types of phosphorus atoms around platinum and an anti-orientation of the 
two chlorine, above and below the square plane. Compound 41c is similar to 36c, with a cis 
arrangement of the PPh2 groups and of the P=C functions; one of its chlorine atom is above and 
the other is below the square plane (anti). 
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Scheme 3.3.16 Possible stereisomers of 41 
 
 The X-ray structures of 41a (Figure 3.3.12) and 41c (Figure 3.3.13) differ only slightly 
and will be discussed together. Complex 41c crystallizes with a half molecule in asymmetric unit. 
Both crystallize monoclinic in the space group P 21/n with square planar geometry around 
platinum center, with angles P(2)-Pt-P(2)#1 of 180.0(17)° and P(1)#1-Pt-P(1) 180.00(2)° for 41a 
and P(2)-Pt-P(3) of 177.6(2)° and P(4)-Pt-P(1) 177.8(2)° for the 41c, respectively. No significant 
changes were noted to the C=P and P-N bond length compared to the corresponding bond 
distances in the parent 27. In a similar way to adamantyl derivative the (C)P-N-P(Ph) bond angle 
decreased from 116.8° (in 27) to 101.0° in the Pt(II) chelates, 41a and 41c, respectively. A 
comparison of the bond length and angles is given in Table 3.3.8. Replacing the adamantyl rest 
with tbutyl caused no significant changes in the structures of the two isomers. 
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Figure 3.3.12 Molecular structure of 41a (above: asymmetric unit; below: complex molecule) 
with thermal displacement parameters drawn at 50% probability. Selected bond lengths [Å] and 
angles [°]: Pt-P(2) 2.284(4), Pt-P(2)#1 2.284(4), Pt-P(1)#1 2.337(4), Pt-P(1) 2.337(4), Cl-P(1) 
2.093(6), P(1)-C(1) 1.670(17), P(1)-N 1.763(15), P(2)-N#1 1.682(14), N-P(2)#1 1.683(14), P(2)-
Pt-P(2)#1 180.0(17), P(2)-Pt-P(1)#1 70.3(15), P(2)#1-Pt-P(1)#1 109.7(15), P(2)-Pt-P(1) 
109.7(15), P(2)#1-Pt-P(1) 70.3(15), P(1)#1-Pt-P(1) 180.0(2), C(1)-P(1)-N 117.5(8), C(1)-P(1)-Cl 
107.5(6), N-P(1)-Cl 102.7(5), C(1)-P(1)-Pt 132.9(6), N-P(1)-Pt 92.3(5), Cl-P(1)-Pt 99.5(2), N#1-
P(2)-C(12) 111.6(8), N#1-P(2)-C(18) 109.0(8), C(12)-P(2)-C(18) 107.1(9), N#1-P(2)-Pt 96.4(5), 
C(12)-P(2)-Pt 112.5(6), C(18)-P(2)-Pt 119.8(6), C(8)-N-P(2)#1 129.1(11), C(8)-N-P(1) 
129.2(11), P(2)#1-N-P(1) 101.0(7). Symmetry transformations used to generate equivalent atoms:  
#1 -x+1,-y+1,-z+1. 
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Figure 3.3.13 Molecular structure of 41c with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: Pt-P(4) 2.286(6), Pt-P(2) 2.288(6), Pt-P(3) 
2.332(6), Pt-P(1) 2.334(6), P(1)-C(1) 1.686(2), P(1)-N(1) 1.758(18), P(1)-Cl(1) 2.100(8), P(2)-
N(1) 1.696(18), P(3)-C(8) 1.678(2), P(3)-N(2) 1.761(18), P(3)-Cl(2) 2.097(8), P(4)-N(2) 
1.695(18), P(4)-Pt-P(2) 110.6(2), P(4)-Pt-P(3) 71.1(19), P(2)-Pt-P(3) 177.6(2), P(4)-Pt-P(1) 
177.8(2), P(2)-Pt-P(1) 71.2(2), P(3)-Pt-P(1) 107.1(2), C(1)-P(1)-N(1) 119.3(10), C(1)-P(1)-Cl(1) 
106.0(8), N(1)-P(1)-Cl(1) 101.3(7), C(1)-P(1)-Pt 130.6(8), N(1)-P(1)-Pt 91.4(6), Cl(1)-P(1)-Pt 
104.2(3), N(1)-P(2)-C(23) 111.9(10), N(1)-P(2)-C(29) 111.4(10), C(23)-P(2)-C(29) 105.7(11), 
N(1)-P(2)-Pt 94.7(6), C(23)-P(2)-Pt 118.5(8), C(29)-P(2)-Pt 114.4(8), C(8)-P(3)-N(2) 119.0(10), 
C(8)-P(3)-Cl(2) 105.6(8), N(2)-P(3)-Cl(2) 101.3(7), C(8)-P(3)-Pt 131.4(8), N(2)-P(3)-Pt 91.6(6), 
Cl(2)-P(3)-Pt 103.6(3), N(2)-P(4)-C(35) 111.6(10), N(2)-P(4)-C(41) 112.1(10), C(35)-P(4)-C(41) 
105.2(10), N(2)-P(4)-Pt 94.9(6), C(35)-P(4)-Pt 114.3(7), C(41)-P(4)-Pt 118.5(7), C(15)-N(1)-
P(2) 127.5(14), C(15)-N(1)-P(1) 130.1(15), P(2)-N(1)-P(1) 102.4(9), C(19)-N(2)-P(4) 127.9(14), 
C(19)-N(2)-P(3) 130.2(14), P(4)-N(2)-P(3) 101.9(9). 
 
 
 
 
 
 
 
 
 
 
Results and discussion               80 
Selected bond lengths (Å) 
and angles (°) 
27 41a 36a 41c 36c 
C=P 
 
(C)P-N 
 
(Ph)P-N 
 
P-Cl 
 
(C)P-Pt 
 
(Ph)P-Pt 
 
(C)P-N-P(Ph) 
 
1.664(14) 
 
1.748(12) 
 
1.724(11) 
 
- 
 
- 
 
- 
 
116.8(7) 
1.670(17) 
 
1.763(15) 
 
1.682(14) 
 
2.093(6) 
 
2.337(4) 
 
2.284(4) 
 
101.0(7) 
1.673(2) 
 
1.762(17) 
 
1.695(16) 
 
2.111(7) 
 
2.341(5) 
 
2.290(5) 
 
101.0(9) 
1.686(2) 
1.678(2) 
1.758(18) 
1.761(18) 
1.696(18) 
1.695(18) 
2.100(8) 
2.097(8) 
2.334(6) 
2.332(6) 
2.288(6) 
2.286(6) 
102.4(9) 
101.9(9) 
1.677(3) 
1.669(4) 
1.770(3) 
1.768(3) 
1.686(3) 
1.679(3) 
2.092(12) 
2.101(14) 
2.360(8) 
2.349(9) 
2.283(9) 
2.281(8) 
101.9(15) 
101.5(14) 
Table 3.3.8 Comparison of the selected bond lengths and angles for 27, 36a, 36c, 41a, 41c 
 
 
3.3.2.4 Reaction of (iPrMe2Si)2C=PN(Ph)PPh2 (58) with Pt(cod)Cl2 
 
Since changing the rest at nitrogen from adamantyl to tbutyl did not affect the reactivity of 
phosphorus toward nucleophiles we tried to avoid the “anionotropy” using bulkier rests at carbon. 
Thus, the bulkier (iPrMe2Si)2C=PN(Ph)PPh2 ligand (58) (the SiMe3 group has been replaced by 
the iPrMe2Si group), available in our group (R. M. Bîrzoi),
[100] was allowed to react with 
Pt(cod)Cl2. After adding the ligand solution to an equimolar amount of the PtCl2 cyclooctadiene 
complex suspended in dichloromethane, the 31P-NMR spectrum indicates the complete 
consumption of the starting material [AX pattern (δP = 351 ppm, δP = 61 ppm with 2JPP = ± 67 
Hz] in favor of a complicated mixture of products similar to the less bulkier 36 and 41. From the 
mixture of products we could identify one singlet flanked with 195Pt satellites corresponding to 
the side product trans-Pt(Ph2PNHPh)2Cl2 (42). The assignment was based on the chemical shift 
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(δP = 21 ppm) and the 31P-195Pt coupling (1JPPt = 3324 Hz). The cis- Pt(PPh2NHPh)2Cl2 (δP = 28.8 
ppm, 1JPPt = 3927 Hz) had already been reported by Priya et al in 2003.
[250] 
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Scheme 3.3.17 Synthesis of 42 
 
Replacing the trimethylsilyl rest on carbon with the bulkier isopropyldimethylsilyl, from a 
dichloromethane/pentane mixture orange single crystals were grown and the X-ray analysis 
revealed the formation of one (43a) from four possible isomers of the 2:1 chelate reported for the 
(Me3Si)2C=PN(1-Ada)PPh2 (26) and the (Me3Si)2C=PN(tBu)PPh2 (27) ligands. The crystal 
structure of complex 43a is shown in Figure 3.3.14. 
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Scheme 3.3.18 Possible isomers of 43 
 
Complex 43a crystallizes triclinic in the space group P-1. The geometry around the 
platinum atom is square planar where the metal centre deviates slightly (0.036 Å) from the mean 
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square plane formed by P(1), P(2), P(3) and P(4). The Pt-P bond lengths vary from 2.304(6) to 
2.359(7) Å and are slightly longer compared to the bistrimethylsilyl derivatives 36a and 41a. This 
lengthening of the Pt-P distances is determined by the presence of bulkier isopropyldimethylsilyl 
rests on carbon. The ylid (C-P) [1.672(2) Å] and the P-Cl [2.104(9) and 2.102(8) Å] bond lengths 
are comparable to those in 36a [1.673(2) Å and 2.111(7) Å, respectively] and 41a [1.670(17) Å 
and 2.093(6) Å, respectively].  
 
 
Figure 3.3.14 Molecular structure of 43a with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: Pt-P(4) 2.304(6), Pt-P(2) 2.310(6), Pt-P(1) 
2.339(7), Pt-P(3) 2.359(7), P(1)-C(1) 1.672(2), P(1)-N(1) 1.735(2), P(1)-Cl(1) 2.104(9), P(2)-
N(1) 1.694(2), P(3)-C(2) 1.672(2), P(3)-N(2) 1.752(2), P(3)-Cl(2) 2.102(8), P(4)-N(2) 1.689(2), 
P(4)-Pt-P(2) 178.7(3), P(4)-Pt-P(1) 107.5(2), P(2)-Pt-P(1) 71.2(2), P(4)-Pt-P(3) 70.9(2), P(2)-Pt-
P(3) 110.4(2), P(1)-Pt-P(3) 176.2(2), C(1)-P(1)-N(1) 116.2(11), C(1)-P(1)-Cl(1) 107.5(9), N(1)-
P(1)-Cl(1) 100.2(7), C(1)-P(1)-Pt 131.8(10), N(1)-P(1)-Pt 91.3(7), Cl(1)-P(1)-Pt 105.2(3), N(1)-
P(2)-Pt 93.4(7), C(11)-P(2)-Pt 121.9(8), C(21)-P(2)-Pt 119.5(8), C(2)-P(3)-N(2) 116.9(11), C(2)-
P(3)-Cl(2) 107.6(9), N(2)-P(3)-Cl(2) 97.7(7), C(2)-P(3)-Pt 133.2(9), N(2)-P(3)-Pt 90.8(7), Cl(2)-
P(3)-Pt 104.6(3), N(2)-P(4)-Pt 94.4(7), C(41)-P(4)-Pt 119.9(9), C(31)-P(4)-Pt 119.4(8), P(2)-
N(1)-P(1) 104.2(11), P(4)-N(2)-P(3) 103.7(11). 
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3.3.2.5 DFT calculations on the formation of the 2:1 platinum chelates 
 
The mechanism of the insertion has been studied using DFT calculations. To reduce the 
computational costs, smaller analogues [(H3Si)2C=PN(Me)PR2, R: Me (1’), Ph (1”)] were 
computed.[221] Apparently, the first step of the reaction is the replacement of the cyclooctadiene 
(COD) moiety of the PtCl2(COD) complex by the PNP ligand forming a tetracoordinated 1:1 
complex (Scheme 3.3.19, reaction energy: -6.5 kcal mol-1 at B3LYP/B//B3LYP/A). The first step 
of this substitution is the coordination of the PNP ligand, the preferred bonding site is on the 
phosphine part (σ3,λ3-P), the σ2,λ3-P bonded complex is less stable by 11.2 kcal mol−1 for the 
ligand 1’ and 5.0 kcal mol-1 for 1”, respectively (B3LYP/B//B3LYP/A). From the 
tetracoordinated complex (PtCl2PP´) migration of the chloride ion on the σ
2,λ3-P can take place 
in two different ways (see Scheme 3.3.19, i). In the presence of a further PNP ligand, the formed 
intermediate leads to the trans-complexes (Scheme 3.3.19). The activation barrier of this reaction 
is 11.4 kcal mol-1 (instead of the PNP ligand the simpler PH3 was used for modelling the reaction, 
B3LYP/B//B3LYP/A). If there is no further PNP ligand, the activation barrier is higher, 
27.1 kcal mol-1 (B3LYP/B//B3LYP/A) and from the formed intermediate the cis 1:2 adducts 
(Scheme 3.3.19, ii) can be achieved. The activation barrier of the second Cl migration step is 
around 16 kcal mol-1 for these complexes (B3LYP/B//B3LYP/A). As the 2:1 complexes are quite 
similar in energy, the stereochemistry of the complex is controlled rather kinetically, presumably 
depending on the concentration of the PNP-ligand. 
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Scheme 3.3.19 Reaction sequences leading to 2:1 Pt(II) complexes [(H3Si)2C=PN(Me)PR2, R = 
Me (1`), Ph (1``)] 
Results and discussion               84 
In order to understand the electrophilicity of the PNP ligand model calculations have been 
performed: the electrophilicity index (ω)[231] was calculated from HOMO and LUMO 
energies[232] at the B3LYP/6-31G* level of theory.[221b] The electrophilicity indices (ω) and the 
energies (ε) of the π*(C=P) antibonding orbitals (these are the LUMOs, except for the Pt-
complex, where it is the LUMO+1) of some compounds is shown in Scheme 3.3.20.  
On the basis of these results, the known strong electron acceptor behavior of the π*(C=P) unit[204] 
is remarkably increased by the silyl groups (the LUMO energy drops). The effect is enhanced by 
attaching phenyl groups on the σ3,λ3-P instead of methyl groups. Further remarkable enhancement 
of the electrophilicity is achieved for the entire ligand by the metal complexation. It is interesting 
to note that the electrophilicity of the Pt-complexed ligands surpasses that of some typical 
electrophiles such as formaldehyde [H2CO, ω = 1.127 eV, (U)B3LYP/6-311+G**], borane [BH3, 
ω = 1.693 eV, (U)B3LYP/6-311+G**] and boron trifluoride [BF3, ω = 1.654 eV, (U)B3LYP/6-
311+G**].[233] 
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Scheme 3.3.20 Electrophilicity indices (ω, in eV, B3LYP/6-311+G**//B3LYP/6-31+G*[15b]) 
and the π*C=P Kohn–Sham orbital energies (ε, in eV, B3LYP/6-31G*//B3LYP/6-31+G*) for 
various PNP model compounds. 
 
In addition to the electrophilicity indices, the Fukui functions[234] can be applied[235,236] to 
understand the site reactivity of molecules. The Fukui function for nucleophilic attack [f+(r), r is 
the vector of the point of interest] was calculated as the electron density difference between the 
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anion formed by the addition of an electron to the ligand and the neutral molecule. This density 
distribution for a model ligand is shown in Figure 3.3.15, and as can be seen, the nucleophilic 
attack occurs at the P=C bond, especially at the dicoordinated phosphorus. 
 
 
Figure 3.3.15 Representation of the Fukui function for nucleophilic attack 
[f+(r)] in the case of (H3Si)2C=PN(Me)PMe2 calculated at the 
(U)B3LYP/6-311+G**//B3LYP/6-31+G* level of theory. 
 
 
3.3.2.6 Reaction of (Me3Si)2C=PN(Mes*)PPh2 (29) with Pt(cod)Cl2 
 
The anionotropy could not be avoided using a bulkier substituent on carbon 
[(iPrMe2Si)2C=PN(Ph)PPh2 ligand] and a change of the nitrogen substituent was necessary, 
hopefully, a more electron-releasing substituent will affect the reactivity of the C=P phosphorus 
atom towards nucleophiles. 
 Compound 29 was allowed to react with an equimolar amount of Pt(cod)Cl2, adding the 
ligand solution to Pt(cod)Cl2, the reaction mixture turned yellow (due to the pale yellow color of 
the ligand) but not orange as in the other cases (26 or 27) when the 2:1 chelates were formed.  
  Indeed, the 31P-NMR spectrum recorded from the reaction mixture exhibits none of the 
complicated patterns related for the tbutyl or adamantyl derivatives but two AX patterns in a 10:1 
ratio. The product with the highest intensity in the 31P-NMR spectrum (44) shows two doublets 
flanked with 195Pt satellites at δP = 165.2 ppm (2JPP = 40.4 Hz and 1JPPt = 4501 Hz) and δP = 45.7 
ppm (2JPP = 40.4 Hz and 
1
JPPt = 3234 Hz), respectively. The high field shift of the C=P 
phosphorus atom from δP = 330(338) ppm (two isomers) to δP = 165.2 ppm and the presence of 
the platinum satellites proves that a “normal” 1:1 Pt(II) and not a 2:1 complex was formed. The 
minor product (45) exhibits two doublets at δP = 329.7 ppm (2JPP = 36.7 Hz) and δP = 71.9 ppm 
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(2JPP = 36.3 Hz). Due to the low intensities of the signals no coupling to 
195Pt could be observed 
but the AX pattern is very similar to that of the platinacycle 38 (δP = 327.7 ppm, 2JPP = 32.2 Hz; 
δP = 87.0 ppm, 2JPP = 31.9 Hz). Adding pentane to the concentrated dichloromethane solution 
resulted in the precipitation of a pale yellow solid which was isolated by filtration. The 31P-NMR 
spectrum from the pale yellow solid exhibited the same AX patterns in a 10:1 ratio (vide supra) 
indicating similar solubilities of the two products. Attempts to separate the two products failed 
and the solid (as a 10:1 mixture of 44´´ and 45) was characterised by elemental analysis, 1H, 13C, 
31P NMR spectroscopy and mass spectrometry. All analyses pointed out the presence of a 
coordinated cyclooctadiene molecule in the structure of the Pt(II) complex giving rise to at least 
two possible structures 44` and 44``, where 44` is a five-coordinated Pt(II) complex with a 
trigonal bipyramidal geometry around platinum and 44`` is a four-coordinated platinum complex 
with a square-planar geometry. The preferred square planar geometry of the platinum d8 
complexes suggests a higher probability for 44`` over 44´. 
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Scheme 3.3.21 Possible structures for 44 
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Scheme 3.3.22 Proposed structures for 44`` and 45 
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3.3.2.7 Pd(II) complexes of P-phosphanylamino-phosphaalkenes 
 
Since the P-phosphanylamino-phosphaalkenes are showing very interesting reactions with 
platinum(II) cyclooctadiene dichloride complexes an extension of this chemistry to other metal 
centers was obvious. First, we turned from platinum (II) to palladium (II) complexes which are 
known catalysts in the ethylene polymerisation process.[40] Although the first platinum complexes 
involving a phosphaalkene moiety were reported since 1981[26] the first palladium complex of a 
phosphaalkene was reported 11 years later by Geoffroy:[33]  
 
P P
Mes*Mes*
Pd
Cl  
Figure 3.3.16 First phosphaalkene Pd complex (Geoffroy, 1981) 
 
Palladium complexes involving unsaturated sp2 phosphorus and normal phosphino groups were 
reported by Stelzer[128] and Yoshifuji[202]. Stelzer`s phosphaalkene-phosphine ligand reacts with 
PdCl2 or K2PdCl4 to yield the Pd(II) dichloride complex:  
 
Ph2P P
Mes*
PdCl2 or
K2PdCl4H
Ph2P P
Mes*
H
Pd
ClCl  
Scheme 3.3.23 Stelzer`s Pd(II) complex  
 
3.3.2.7.1 1:1 reaction with Pd(cod)Cl2 
 
After adding a solution of ligand 26 in dichloromethane to an equimolar amount of the 
PdCl2 cyclooctadiene (cod) complex in dichloromethane, the 
31P-NMR spectrum measured from 
the deep red solution indicates the complete consumption of the ligand [AX-pattern, δP = 373.5, 
37.7 ppm, 2JPP = 12 Hz] in favor of a new species exhibiting an AX pattern: δP = 86.1 and 35.1 
ppm, 2JPP = 28 Hz. The upfield shift of the phosphaalkene phosphorus atom from δP = 373.5 to δP 
Results and discussion               88 
= 86 Hz suggests the formation an η2 complex. This large upfield shift of 287 ppm is similar to 
the upfield shift of 266 ppm found for the (C=)P phosphorus atom in (Ph3P)2Pt[η
2-Ph2C=PMes] 
relative to free Ph2C=PMes
[254] or to the upfield shift of 210 ppm reported for the (Ph3P)2Pd[η
2-
Cl2C=PNSiMe3] relative to Cl2C=PN(SiMe3)2.
[255] 
Adding diethyl ether to the concentrated dichloromethane solution resulted in precipitation of a 
sangria (burnt red) colored, extremely air-sensitive solid which was isolated by filtration. The 
burnt red solid was analysed by elemental analysis and 1H, 31P NMR spectroscopy. A 13C NMR 
characterisation was not possible due to the low solubility of the compound in dichloromethane, 
chloroform, acetonitrile, toluene. After ca. one day the same NMR sample was measured and the 
31P-NMR spectrum revealed the formation of a second product (1:1 ratio) exhibiting an AX 
pattern (δP = 75.8 and 32.1 ppm, 
2
JPP = 38.2 Hz), after five days the 
31P-NMR spectrum shows the 
complete disappearance of the first AX pattern in favor of the second compound.  
The reaction of the tbutyl PNP ligand 27 with Pd(cod)Cl2 is less selective, after two hours 
gave a mixture of compounds in a 2:1 ratio. The 31P-NMR spectrum measured directly from the 
reaction mixture shows the presence of two AX patterns (δP = 87.2; 36.6 ppm, 
2
JPP = 26.3 Hz and 
δP = 77.0; 33.3 ppm, 
2
JPP = 36.8 Hz) very similar to those reported for the adamantyl derivative 
(vide supra).  
 
Pd(cod)Cl2
26:  R = 1-Ada
27:  R = tBu
(Me3Si)2C=P-N(R)-PPh2 [(Me3Si)2C=P-N(R)-PPh2]PdCl2
46:  R = 1-Ada
47:  R = tBu
- cod
 
Scheme 3.3.24 Syntheses of the Pd(II) complexes 46 and 47 
 
Several attempts to crystallise the palladium complex 46 from different solvents lead to the 
formation of the compound 48 which crystallised after few days from CH2Cl2/pentane in form of 
yellow crystals.  
 Compound 48 crystallizes monoclinic in the space group P21/c. Two independent 
molecules accompanied by three dichloromethane molecules were observed in the asymmetric 
unit, and Figure 3.3.17 shows one of the molecules. The crystal structure determination reveals 
the formation of a PdCl2 complex where the P=C double bond (phosphaalkene bond) is now a 
single bond, fact reflected in the elongation of the bond distance of P(1)-C(1) from 1.665(12) Å 
in 26 to 1.82(2) in 48, falling into the normal range of a P-C single bond (1.82-1.87 Å).[256] 
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Figure 3.3.17 Molecular structure of 48 with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: N(1)-P(1) 1.698(14), N(1)-P(2) 1.723(15), 
Pd(1)-P(2) 2.204(4), Pd(1)-P(1) 2.206(5), Pd(1)-Cl(2) 2.361(4), Pd(1)-Cl(1) 2.368(4), P(1)-O(1) 
1.572(14), P(1)-C(1) 1.82(2), C(5)-N(1)-P(1) 132.4(12), C(5)-N(1)-P(2) 129.0(12), P(1)-N(1)-
P(2) 97.7(7), P(2)-Pd(1)-P(1) 71.5(17), P(2)-Pd(1)-Cl(2) 98.3(16), P(1)-Pd(1)-Cl(2) 169.7(17), 
P(2)-Pd(1)-Cl(1) 169.8(18), P(1)-Pd(1)-Cl(1) 98.3(18), Cl(2)-Pd(1)-Cl(1) 91.9(17), O(1)-P(1)-
N(1) 109.8(7), O(1)-P(1)-C(1) 102.5(9), N(1)-P(1)-C(1) 111.3(8), O(1)-P(1)-Pd(1) 118.3(5), 
N(1)-P(1)-Pd(1) 95.6(5), C(1)-P(1)-Pd(1) 119.2(6), N(1)-P(2)-C(21) 112.4(7), N(1)-P(2)-C(15) 
109.9(7), C(21)-P(2)-C(15) 106.4(8), N(1)-P(2)-Pd(1) 94.9(5), C(21)-P(2)-Pd(1) 117.4(5), C(15)-
P(2)-Pd(1) 115.4(5) 
 
The coordination of the palladium atom is square planar. The molecule deviates only 
slightly from planarity: for instance, the Pd deviates with 0.001 Å from the mean plane passing 
through the P(1), P(2) and Cl(1) atoms. The P(1)-N(1) distance is shortened from 1.746(9) Å in 
26 to 1.698(14) Å and the P(2)-N(1) remains unchanged. As expected, the value of the P(1)-N(1)-
P(2) bond angle is decreasing upon coordination from 119.3(5)° (26) to 97.7(7)°. The P(1)-O(1) 
bond, 1.572(14) Å, is similar to the P-O(H) value in [Ph2P-CH(CH3)-P(OH)(Mes*)]PdCl2 
[1.567(3) Å][202] The Pd-Cl distances are almost equal indicating that the P(1) moiety and the 
PPh2 group are possessing the same trans influence. The P(1)-Pd(1) and P(2)-Pd(1) bond 
distances are equal and similar to other reported compounds.[202] Compound 48 is a Pd(II) 
complex formed after the hydrolysis of the P=C double bond and elimination of one 
trimethylsilyl group. 
Results and discussion               90 
P
N
P
Me3Si Ph
Ph
Ada
Pd
Cl Cl
[(Me3Si)2C=P-N(1-Ada)-PPh2]PdCl2
46
HO
+ 2 H2O
48
- SiMe3OH
 
Scheme 3.3.25 Proposed synthesis of 48 
 
 Complex 48 was characterised by elemental analysis and 31P-NMR spectroscopy. The 31P-
NMR spectrum (solving the crystals in CDCl3) exhibits, as expected, one AX pattern δP = 63.6; 
32.1 ppm, 2JPP = 38.2 Hz. It is difficult to propose a mechanism for the formation of 48 from 46. 
An initial step could be considered the addition of water (absorbed from the atmosphere or from 
the solvents) to the P=C double bond followed by the elimination of one trimethylsilyl group, 
most probably as trimethylsilanol (TMS). Activation of some phosphorus-carbon double bonds, 
on coordination to transition metals, causing the saturation of the double bond was reported e. g. 
by Schuhn.[257]  
 Dichloride complexes of group 10 metals (Pd, Pt) were found to be relatively sensitive 
toward moisture, water attacking the phosphaalkene bond (P=C) affording the corresponding 
hydroxo-phosphine complexes.[202,203,258]  
 
P C
Mes* CH3
PPh2
Cl2M
H2O P CH
Mes* CH3
PPh2Cl2M
HO
M = Pd, Pt  
Scheme 3.3.26 H2O addition to the P=C bond
[202,203] 
 
An interesting addition to the P=C bond was reported by Geoffroy[217] in which the 
nucleophilic addition of methanol or ethanol occurred with the addition of the alkoxy group on 
the phosphorus atom followed by the elimination of hydrochloric acid to form a carbon-metal 
bond. 
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Scheme 3.3.27 
 
The high reactivity of coordinated phosphaalkenes toward water can be ascribed to an 
increase in positive charge on the phosphorus atom upon complexation to palladium(II), coupled 
with the poor π-back-bonding abilities of the metal center. 
Addition of a dichloromethane/acetonitrile solution of 26, (Me3Si)2C=P-N(1-Ada)-PPh2, 
to an equimolar solution of [Pd(cod)(NCCH3)2]2PF6 generated in situ from Pd(cod)Cl2 and 
NH4PF6 in CH3CN
[259] gave according to 31P-NMR spectroscopy a mixture of compounds which 
exhibits broadened signals moved toward high field compared to the free ligand: δP = 82.9 (broad 
singlet), δP = 73.6 (broad doublet), δP = 32.3 (broad doublet), δP = 29.6 (broad doublet) and the 
septet corresponding to the PF6 group δP = -143.6 ppm. On the basis of the 
31P-NMR data a 
characterization of the compounds was not possible, but leaving the reaction mixture at room 
temperature for several days, yellow crystals suitable for X-ray analysis were grown. The X-ray 
diffraction analysis revealed the formation of an unusual chloride-bridged tetrapalladium(II) 
chelate (49) that contains two former P-phosphanylamino-phosphaalkene ligands. Similar to 48, 
one of the two trimethylsilyl groups (from each ligand) was eliminated, probably as 
trimethylchlorosilane, SiMe3Cl.  
 
 
 
 
 
 49 
 
Complex 49 crystallizes triclinic in the space group P-1 with a half molecule in the 
asymmetric unit accompanied by a dichloromethane molecule. The geometry around the 
palladium atoms is slightly distorted square-planar with the bond angles around Pd(1) between 
84.86° and 92.43° (sum of the angles: 360.98°) and between 70.3° and 104.76° (sum of the 
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angles: 359.49°) around Pd(2) atom. The Pd-Cl bonds trans to phosphorus [Pd(1)-Cl(1) 2.444(13) 
Å and Pd(2)-Cl(1) 2.428(12) Å] are slightly elongated compared to the corresponding Pd–Cl 
bonds trans to Cl [Pd(1)-Cl(2) 2.359(13) Å] or compared to the Pd–Cl bonds in the mononuclear 
complexes [48: 2.364(4) Å]. A similar effect has been observed with other [PdCl2L]2 compounds, 
including Pd2Cl4[PPh3]2
[260] and Pd2Cl4[PBu3]2
[261,262]  
 
 
Figure 3.3.18 Molecular structure of 49 (above: asymmetric unit; below: complex molecule) with 
thermal displacement parameters drawn at 50% probability. Selected bond lengths [Å] and angles 
[°]: Pd(1)-P(1) 2.232(14), Pd(1)-Cl(3) 2.284(14), Pd(1)-Cl(2) 2.359(13), Pd(1)-Cl(1) 2.444(13), 
Pd(2)-P(2) 2.209(14), Pd(2)-P(1A) 2.240(14), Pd(2)-Cl(1) 2.428(12), Pd(2)-Cl(2) 2.429(13), 
P(1)-N(0A) 1.731(4), P(1)-C(1) 1.820(5), P(1)-Pd(2A) 2.240(14), P(2)-N 1.675(4), N-P(1A) 
1.731(4), Pd(1)-Pd(2) 3.132(7), P(1)-Pd(1)-Cl(3) 91.4(5), P(1)-Pd(1)-Cl(2) 92.4(5), Cl(3)-Pd(1)-
Cl(1) 92.2(5), Cl(2)-Pd(1)-Cl(1) 84.9(4), P(2)-Pd(2)-P(1A) 70.3(5), P(2)-Pd(2)-Cl(1) 104.8(5), 
P(1A)-Pd(2)-Cl(2) 100.7(5), Cl(1)-Pd(2)-Cl(2) 83.7(4), P(2)-N-P(1A) 97.6(2). Symmetry 
transformations used to generate equivalent atoms: #1 -x,-y+1,-z+1 
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 The single bond character of the P-C bond is evidenced in the value of 1.820(5) Å which 
falls into the normal range of a P-C single bond (1.82-1.87 Å)[256] and has the same value as in 48. 
(Table 3.3.9) The (C)P-N distance P(1)-N(0A) 1.731(4) Å is slightly shorter compared to the free 
ligand (26) but longer compared to 48. Opposite to that, the Ph2P-N bond length P(2)-N 1.675(4) 
Å is shorter in comparison to 26 and 48. The (C)P-N-P(Ph2) bond angle decreases from 119.3(5)° 
to 97.6(2)° upon coordination to palladium being very similar to 48. (see Table 3.3.9) 
 
 
Selected bond lengths (Å) 
and angles (°) 
26 48 49 
C-P 
(C)P-N 
(Ph)P-N 
(C)P-Pd 
 
(Ph)P-Pd 
(C)P-N-P(Ph) 
1.665(12) 
1.746(9) 
1.724(10) 
- 
 
- 
119.3(5) 
1.82(2) 
1.698(14) 
1.723(15) 
2.206(5) 
 
2.204(4) 
97.7(7) 
1.82(5) 
1.731(4) 
1.675(4) 
2.232(14) 
2.240(14) 
2.209(14) 
97.6(2) 
Table 3.3.9 Comparison of the selected bond lengths and angles for 26, 48 and 49 
 
 
3.3.2.7.2 2:1 reaction of 26 with Pd(cod)Cl2 
 
The reaction of two equivalents P-phosphanylamino-phosphaalkene (26, 27) with one 
equivalent platinum cyclooctadiene dichloride undergo unusual phosphorus insertion reaction 
into Pt-Cl bonds leading to unique platinum(chloro)ylid 2:1 complexes. (see chapter 3.3.2) 
Chloride attachment to the coordinated phosphaalkene phosphorus atom indicates a remarkable 
extent of phosphorus electrophilicity, which is enhanced by strong metal coordination of the Ph2P 
group that leads to an increase of the electron withdrawing capacity of nitrogen towards the 
adjacent P=C moiety. Since palladium and platinum posses similar properties, 26 was allowed to 
react with Pd(cod)Cl2 in a 2:1 ratio. Although the reaction seemed to be very similar to the 1:1 
reaction (same red color, same 31P-NMR spectrum: one AX pattern δP = 85.8; 34.3 ppm, 
2
JPP = 
27.1 Hz), from a dichloromethane/pentane mixture red crystals were grown and the X-ray 
diffraction study revealed the formation of a pentane-solvated centrosymmetric palladium 
complex 50 isotypic to 36a.  
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The formation of the 2:1 palladium complex 50 can be explained following the proposed 
mechanism for the formation of the 2:1 platinum complexes. (see chapter 3.3.2) 
Chelate 50 crystallizes triclinic in the space group P-1 (with one disordered pentane molecule). 
The geometry around palladium is square planar, as expected for a d8 center, and the four 
phosphorus atoms are located in the same plane. 
 
 
Figure 3.3.19 Molecular structure of 50 (left: asymmetric unit; right: complex molecule) with 
thermal displacement parameters drawn at 50% probability. Selected bond lengths [Å] and angles 
[°]: Pd-P(2A) 2.300(8), Pd-P(2) 2.300(8), Pd-P(1A) 2.346(8), Pd-P(1) 2.346(8), Cl-P(1) 
2.117(11), P(1)-C(13) 1.667(3), P(1)-N 1.760(2), P(2)-N 1.695(2), P(2A)-Pd-P(1A) 69.8(3), P(2)-
Pd-P(1A) 110.2(3), P(2A)-Pd-P(1) 110.2(3), P(2)-Pd-P(1) 69.8(3), P(2)-N-P(1) 100.5(12). 
Symmetry transformations used to generate equivalent atoms: #1 -x+1,-y,-z+1 
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Selected bond lengths (Å) 
and angles (°) 
26 36a 50 
C=P 
(C)P-N 
(Ph)P-N 
P-Cl 
(C)P-M 
(Ph)P-M 
(C)P-N-P(Ph) 
1.665(12) 
1.746(9) 
1.724(10) 
- 
- 
- 
119.3(5) 
1.673(2) 
1.762(17) 
1.695(16) 
2.111(7) 
2.341(5) 
2.290(5) 
101.0(9) 
1.667(3) 
1.760(2) 
1.695(2) 
2.117(11) 
2.346(8) 
2.300(8) 
100.5(12) 
Table 3.3.10 Comparison of the selected bond lengths and angles 
   for 26, 36a: M = Pt, 50: M = Pd 
 
 
3.3.2.8 Nickel complexes of P-phosphanylamino-phosphaalkenes 
 
Nickel coordination chemistry of phosphaalkene ligands has been widely explored since 
1983, when Bickelhaupt reported the syntheses of two nickel (0) complexes: one bonded to the 
phosphorus atom via lone pair (η1) and a second one bonded via the π system (η2).[29,263] 
 
P C
Ph
Ph
Mes*
(OC)3Ni
P C
Ph
Ph
Xy
Ni
(bipy)  
     a       b 
Figure 3.3.20 First phosphaalkene nickel complexes (Bickelhaupt, 1983)[29,263] 
 
The nickel complexes are of special relevance to catalysis for ethylene oligomerization 
and polymerization. The oligomerization and polymerization of ethylene are important processes 
to convert the basic feedstock into useful value-added products such as linear α-olefins, wax, and 
polyethylene. The late-transition-metal catalysts have long been established to produce dimers or 
low-molecular-weight oligomers by chain termination via β-hydride elimination.[264-266] The 
steric demand of the bulky groups of the ligands is understood to be important for the chain 
propagations for ethylene polymerization with the competition of β-hydride elimination. Ethylene 
oligomerization and polymerization by nickel complexes is particularly well developed on the 
basis of the commercialized SHOP process;[267,268] moreover, the easily synthesized nickel 
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catalysts showed various catalytic properties influenced by the characteristics of the attached 
ligands. 
In 2003, Ionkin and Marshall reported the synthesis of η3-allyl[1,4-diphospha-(1,3)-butadiene] 
nickel complexes c and d which were tested in ethylene polymerization. The polymers prepared 
were found to have a low degree of branching compared with those obtained with α-diimine-
based catalysts. Like their (DPCB-Y) Pd complexes analogs, these nickel catalysts were found to 
be remarkably stable under drastic conditions (up to 160 °C).[269,270] 
 
P P Mes*Mes*
Ni
R
BArF
 
c: R = H; d: R = CO2Me 
Figure 3.3.21 Ethylene polymerisation catalysts 
 
3.3.2.8.1 Reaction with Ni(PPh3)2Cl2 
 
When 26 or 27 was allowed to react with equimolar amounts of nickel halide complexes 
the 31P-NMR spectra exhibited AM patterns moved toward high field (compared to the free 
ligands) with very large phosphorus- phosphorus couplings. Adding a dichloromethane solution 
of 26 or 27 to a suspension of Ni(PPh3)2Cl2 in dichloromethane an immediate change of color 
occurred (26- cherry red, 27- violet) followed by solvation of the starting nickel complex. The 
reactions were monitored by 31P-NMR spectroscopy being complete within one hour (26) or three 
days (27). The presence of the AM patterns in the 31P-NMR spectrum is a first clue regarding the 
geometry of the nickel atom, the diamagnetism of the compounds indicating a square-planar 
geometry. In both cases the signal corresponding to the free PPh3 (δP = -4.5 ppm) was observed 
sustaining the expected triphenylphosphine exchange. For 51, an isolation of the product has been 
possible after concentration of the dichloromethane solution and addition of pentane, the product 
being isolated (triphenylphosphine free) as a red solid and characterized by means of elemental 
analysis, 1H, 13C and 31P-NMR spectroscopy. In contrary, 52 could not be separated from the 
resulting PPh3 making its characterization difficult.  
31P-NMR spectra of 51 and 52 exhibit an AM pattern where the signal corresponding to the PC 
phosphorus is moved toward high field ∆δP = 279 ppm (26: δP = 95.0 ppm; 27: δP = 94.1 ppm). 
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This strong deshielding indicates an unusual bonding mode of the PNP ligand to the nickel atom, 
the typical range for a coordinated phosphaalkene being 200-300 ppm. The second doublet is 
moved slightly to low field (26: δP = 41.4 ppm; 27: δP = 41.6 ppm) and the values of the 
phosphorus-phosphorus couplings are 187.7 Hz (51) and 183.2 Hz (52), respectively.  
Fortunately, from a dichloromethane/pentane mixture of 51 red crystals were grown and 
subjected to a single-crystal X-ray structure analysis. The X-ray diffraction analysis elucidated 
the structure of 51, and due to the similarities between the two complexes we can propose an 
analogous structure for 52. The crystal structure determination reveals formation of a nickel 
complex formed after the 1,2 addition of hydrogen chloride to the double bond, although no 
source of HCl was involved in the reaction. The addition occurred as expected, the chlorine atom 
added to the phosphorus atom and the proton to the carbon.[6]  
The solid state structure of 51 is shown in Figure 3.3.22. Compound 51 crystallizes orthorhombic 
in the space group Pna21 with one dichloromethane molecule. The metal center has a distorted 
square-planar geometry with bond angles between 73.4(2)° and 101.8(2)°, the dihedral angle 
between the planes P(1)NiP(2) and Cl(1)NiCl(2) being 9.4°. The P(1)-C(1) bond length of 
1.800(2) shows indubitably the single bond character.[256] The geometry around the P(1) atom is 
distorted tetrahedral with bond angles between slightly different from the ideal angle 109.5°. The 
1,2 addition of the HCl to the P=C double bond and the coordination to nickel resulted in 
shortening of the P(1)-N bond from 1.746(9) Å (free ligand) to 1.693(17) Å but did not affect the 
length of the other P-N bond [26: 1.724(10) Å; 51: 1.720(17) Å]. The Ni-P [2.102(6) Å; 2.119(6) 
Å] respective Ni-Cl [2.209(6) Å] distances are almost equal and similar to other nickel 
complexes.[271] The P(1)-Cl(3) distance of 2.070(8) Å is shorter compared to the (C=)P-Cl 
distances in platinum [2.111(7) Å] or palladium [2.117(11) Å] complexes. The P(1)NP(2) bond 
angle decreases from 119.3(5)° (26) to 95.3(9)° upon coordination to nickel. 
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Figure 3.3.22. Molecular structure of 51 with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: Ni-P(1) 2.102(6), Ni-P(2) 2.119(6), Ni-
Cl(1) 2.209(6), Ni-Cl(2) 2.209(6), P(1)-N 1.693(17), P(1)-C(1) 1.800(2), P(1)-Cl(3) 2.070(8), 
P(2)-N 1.720(17), P(1)-Ni-P(2) 73.4(2), P(1)-Ni-Cl(1) 92.4(2), P(2)-Ni-Cl(2) 93.0(2), Cl(1)-Ni-
Cl(2) 101.8(2), P(1)-N-P(2) 95.3(9), N-P(1)-C(1) 113.4(9), N-P(1)-Cl(3) 106.8(7), C(1)-P(1)-
Cl(3) 106.7(7), N-P(1)-Ni 96.2(6), C(1)-P(1)-Ni 124.5(8), Cl(3)-P(1)-Ni 108.0(3). 
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Scheme 3.3.28 Syntheses of nickel chloride complexes 
 
3.3.2.8.2 Reaction of 27 with Ni(PPh3)2(CO)2 
 
Compound 27 was allowed to react with Ni(PPh3)2(CO)2 in a 1:1 ratio leading to the 
formation of one product exhibiting in the 31P-NMR spectrum one doublet at δP = 108.3 ppm with 
a 2JPP = 4.3 Hz and a second doublet at δP = 26.3 ppm with a 
2
JPP = 4.5 Hz. Moreover, peaks 
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corresponding to the released PPh3 (δP = -4.5 ppm) and traces of unreacted Ni(0) complex (δP = 
33.2 ppm) were also present in the 31P-NMR spectrum. Attempts to isolate the product, by 
precipitation with pentane followed by filtration, were unsuccessful due to comparable 
solubilities of the compounds. The presence of the released PPh3 and the simplicity of the 
spectrum are proving the displacement of the triphenylphosphine ligand by the P-
phosphanylamino-phosphaalkene ligand. The large upfield shift of the phosphaalkene phosphorus 
(∆δP = 265 ppm) is a sign that not a η
1 but rather a η2 was formed.  
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Scheme 3.3.29 Reaction with Ni(PPh3)2(CO)2 
 
An interesting work based on η2 Ni(0) complexes of 3-aza-2,4-diphospha-1,4-pentadienes 
was reported by Volkholz (PhD Thesis 2005).[45] 
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Scheme 3.3.30 Synthesis of η2 Ni(0) 3-aza-2,4-diphospha-1,4-pentadiene (Volkholz, 2005)[45] 
 
An indirect prove of the coordination via the π-system in 53 came from an X-ray structure 
analysis. Few single crystals were grown from a CH2Cl2/pentane/CD2Cl2 mixture and the 
diffraction study revealed the formation of a η2 Ni(0) complex where one carbon monoxide from 
53 was replaced by a PPh3 ligand leading to 54. (Scheme 3.3.31) The molecular structure of 54 is 
presented in Figure 3.3.23. 
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Scheme 3.3.31 Formation of 54 
 
 
Figure 3.3.23. Molecular structure of 54 with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: Ni-C(12) 1.752(2), Ni-C(1) 2.165(16), Ni-
P(1) 2.247(6), Ni-P(2) 2.252(5), Ni-P(3) 2.261(5), P(1)-C(1) 1.737(18), P(1)-N 1.775(14), P(2)-N 
1.697(15), O-C(12) 1.156(2), C(12)-Ni-C(1) 96.3(8), C(12)-Ni-P(1) 141.2(6), C(1)-Ni-P(1) 
46.3(5), C(12)-Ni-P(2) 114.5(6), C(1)-Ni-P(2) 100.8(5), P(1)-Ni-P(2) 72.0(19), C(12)-Ni-P(3) 
101.1(6), C(1)-Ni-P(3) 134.4(5), P(1)-Ni-P(3) 112.8(2), P(2)-Ni-P(3) 109.3(19), C(1)-P(1)-N 
109.6(8), C(1)-P(1)-Ni 64.3(6), N-P(1)-Ni 91.1(5), P(2)-N-P(1) 99.2(7). 
 
Complex 54 crystallizes monoclinic in the space group P21/c. The P(1)-C(1) bond length 
with a value of 1.737(18) Å is between 1.665(12) Å, the value for the uncoordinated 
phosphaalkene (26), and the value for the P-C single-bond which is 1.85 Å. The Ni-P(1) distance 
[2.247(6) Å] is similar to other phosphaalkene η2 Ni(0) complexes[272,32] but the Ni-C(1) distance 
is with 2.165(16) Å slightly longer compared to 2.020(8) Å in 
(Me3P)2Ni[(Me3Si)2CPC(H)(SiMe3)2],
[272] or 2.064(6) Å in (η2-ClP=CTms2)2Ni(CO).
[32] The 
P(1)-N-P(2) bond angle [99.2(7°)] decreased upon coordination to nickel. Comparison of the 
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bond distances and angles in the free ligand (26), the η1 (51) and the η2 (54) Ni complexes is 
given in Table 3.3.11. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3.3.11 Selected bond distances and angles in 26, 51 and 54 
 
 
3.3.3 Gold complexes of P-phosphanylamino-phosphaalkenes 
 
Low-coordinate phosphorus molecules incorporating P=C double bonds are slowly 
emerging as a very important class of ligands with unique electronic properties that markedly 
differ from that of classical tertiary phosphines and sp2-hybridized nitrogen ligands.[91] Due to 
their strong π-accepting capacity, these ligands were also employed in the stabilization of gold 
nanoparticles presenting unique optical properties.[273] The phosphaalkene ligands are reacting in 
a different way with gold precursors. When 2,3-dimethyl-1,4-diphosphabuta-1,3-diene is reacted 
with Au(tht)Cl in a 1:1 ratio the digold(I) complex I and the starting material were obtained in a 
1:1 mixture, but adding two equivalents of the gold complex another digold(I) complex (II) was 
isolated (Scheme 3.3.32).[274] 
Selected bond lengths (Å) 
and angles (°) 
26 51 54 
CP 
(C)P-N 
(Ph)P-N 
(C)P-Ni 
(Ph)P-Ni 
Ph3P-Ni 
(C)P-N-P(Ph) 
1.665(12) 
1.746(9) 
1.724(10) 
- 
- 
- 
119.3(5) 
1.800(2) 
1.693(17) 
1.720(17) 
2.102(6) 
2.119(6) 
- 
95.3(9) 
1.737(18) 
1.775(14) 
1.697(15) 
2.247(6) 
2.252(5) 
2.261(5) 
99.2(7) 
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Scheme 3.3.32 Yoshifuji`s gold(I) complexes[274] 
 
Moreover, the stable N-silylbisphosphaalkene reacts with one equivalent Au(tht)Cl eliminating 
trimethylchlorosilane by Si-N bond cleavage furnishing the dinuclear complex 
{Au[(iPrMe2Si)2C=P]2N}2 (Scheme 3.3.33)
[46,100] 
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- SiMe3Cl
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Scheme 3.3.33 Formation of the dinuclear gold complex[46,100] 
 
These results motivated us to investigate the reaction of P-phosphanylamino-
phosphaalkenes with Au(tht)Cl. Ligands 26 and 27 were allowed to react with one equivalent 
Au(tht)Cl and the reactions were monitored by 31P-NMR spectroscopy. After ca. 3 h the reactions 
were complete according to the 31P-NMR spectra, which showed the consumption of the ligands 
in favor of a new product exhibiting an AM pattern with the doublet corresponding to the 
phosphaalkene phosphorus atom moved slightly to high field (55: δP = 335.6 ppm, 
2
JPP = 37.1 Hz; 
56: δP = 331.4, 
2
JPP = 43.5 Hz) and the phosphanyl phosphorus moved slightly to low field (55: δP 
= 48.8 ppm, 2JPP= 37.0 Hz; 56: δP = 49.3, 
2
JPP = 43.6 Hz). The small low field shift of the C=P 
phosphorus indicates gold coordination to the phosphanyl phosphorus atom (PPh2). Complex 55 
was isolated as a yellow solid and characterised by means of elemental analysis, 1H, 13C, 31P-
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NMR spectroscopy and mass spectrometry. Complex 56 could not be isolated by precipitation 
and filtration making difficult its characterization. The released tetrahydrothiophene was 
eliminated in vacuo during the work up procedure. 
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Scheme 3.3.34 Synthesis of Au(I) complexes 55 and 56 
 
 
Compound 55 56 
δP C=P (ppm) 335.6 331.4 
δP PPh2 (ppm)  48.8 49.3 
2
JPP (Hz) 37.1 43.6 
 
Table 3.3.12 31P-NMR data for 55 and 56 (CD2Cl2, 81 MHz) 
 
 
The elemental analyses were in agreement with the above proposed structures for 55 and 56. 
 
Elemental 
analysis* 
55 56 
% C 
% H 
% N 
% Cl 
46.06 (45.86) 
5.73 (5.81) 
1.85 (2.45) 
4.69 (4.68) 
40.74 (41.78) 
5.50 (5.39) 
2.07 (2.85) 
5.23 (4.71) 
* found values in parentheses 
Table 3.3.13 Elemental analysis data of 55 and 56 
 
The low coordination ability of phosphaalkenes (in P-phosphanylamino-phosphaalkene 
ligands) observed in the 1:1 reaction with gold prompted us to explore the reaction of 26 with two 
equivalents Au(tht)Cl. After addition of the ligand solution (1 eq., dichloromethane) to the gold 
solution (2 eq. dichloromethane) the 31P-NMR spectrum measured after ca. 2h showed the 
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formation of the desired dinuclear complex 57 characterized by the appearance of a broad singlet 
in the typical range for a coordinated phosphaalkene [46,100] (δP = 219.4 ppm) and a doublet, 
moved slightly to low field (δP = 62.0 ppm, 
2
JPP = 6.6 Hz) compared to 55, for the PPh2 
phosphorus. 
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Scheme 3.3.35 Synthesis of the dinuclear Au complex 57 
 
After removal of the released tetrahydrotiophene with the dichloromethane in vacuo a yellow 
solid was isolated and analysed by 31P-NMR spectroscopy. The spectrum reveals the instability of 
the complex, 57 being accompanied by several doublets in the 40-130 ppm range, with different 
phosphorus-phosphorus couplings and intensities, indicating a complicated mixture of 
compounds.  
31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 218.1 (d, 
2
JPP = 7.1 Hz, I = 5.5), 61.6 (d, 
2
JPP = 7.9 Hz, I 
= 13.5), 128.4 (d, 2JPP = 90.7 Hz, I = 0.6), 128.1 (d, 
2
JPP = 90.3 Hz, I = 0.7), 121.5 (d, 
2
JPP = 106.8 
Hz, I = 0.7), 121.2 (d, 2JPP = 107.3 Hz, I = 0.8), 115.0 (d, 
2
JPP = 82.6 Hz, I = 2.4), 56.6 (d, 
2
JPP = 
106.9 Hz, I = 1.2), 52.9 (d, 2JPP = 82.6 Hz, I = 2.1), 48.0 (d, 
2
JPP = 90.5 Hz, I = 2.1). 
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3.3.4 Rhodium complexes of P-phosphanylamino-phosphaalkene ligands 
 
3.3.4.1 Introduction 
 
 Rhodium complexes of phosphorus-based ligands are of considerable importance as 
(pre)catalysts in hydroformylation reactions, which, since their discovery, have developed into 
one of the most important homogeneous catalytic processes.[275] Intensive studies of 
hydroformylation chemistry have provided some basic understanding of reaction mechanisms, 
and it is now well recognized that both reactivity and selectivity of a catalyst system benefit from 
increased π-acceptor ability of the phosphorus ligands.[276]  
 In 1981, Kroto and Nixon reported the first rhodium phosphaalkene complexes, the η1: 
trans-RhCl(PPh3)2[(mesityl)P=CPh2], trans-RhCl(CO)[(mesityl)P=CPh2]2 and η
5-indenyl 
complex Rh(η5-C9H7)[(mesityl)P=CPh2]2.
[26] The first η1 rhodium complex of a 
bis(trimethylsilyl)-phosphaalkene was reported in 1989, by Nixon: trans-
RhCl(PPh3)2[XP=C(SiMe3)2]
[277] 
 
P C
SiMe3
SiMe3X
Rh
Cl PPh3
Ph3P
X= Cl, F  
Scheme 3.3.36 First bis(trimethylsilyl)-phosphaalkene Rh complex[277] 
 
  The η1 coordination of the phosphaalkene to Rh was confirmed by X-ray diffraction 
study.[277] As far as we know, no rhodium complex of a ligand containing both, a 
phosphanylamino- rest and a phosphaalkene moiety was reported. Among the different classes of 
phosphorus used, unsymmetric bidentate ligands which allow a chelating binding mode and at the 
same time an electronic differentiation of the two binding sites appear to be of great 
importance.[278,279] 
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3.3.4.2 Reaction with RhCl(CO)(PPh3)2 
 
 The reaction of one or two equivalents of (Me3Si)2CPN(1-Ada)PPh2 (26), 
(Me3Si)2CPN(tBu)PPh2 (27) or (iPrMe2Si)2CPN(Ph)PPh2 (58) with RhCl(CO)(PPh3)2 leads 
straightforwardly, under consumption of the ligands (monitored by 31P-NMR), to new Rh(III) 
complexes. (Scheme 3.3.37) These complexes exhibit in the 31P-NMR spectrum a multiplet 
pattern, that appears like an A2M2X pattern with two inequivalent phosphorus atoms that exhibit 
couplings with each other and with 103Rh. 
 Complete consumption of the phosphaalkene functions and the 31P-NMR equivalence of 
the two NPPh2 and of the two CPN phosphorus atoms led us to consider as possible structures of 
the new complexes a chloride-bridged bis-ylid complex A related to the cis-platinum complex, or 
a fluxional system B with rapid chloride exchange between ylid and phosphaalkene phosphorus 
atoms. (Figure 3.3.24) 
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Figure 3.3.24 Proposed structures for Rh complexes 
 
 The crystal structure determinations of 59 and 60 confirmed the hypothesis, that the four 
phosphors atoms surround rhodium in a way somewhat related to the cis-configurated structure 
A, but the two phosphaalkene- or ylid-type ligands are now connected by a symmetric P-
C(SiMe3)2-P bridge. Compared with hypothetic structures A and B, one C(SiMe2R)2 unit is 
completely expelled from complexes 59 and 60 upon formation of the tetradentate chelate 
ligands.  
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Scheme 3.3.37 Synthesis of Rh(III) complexes 
 
A hypothetical mechanism that explain the formation of the chelate Rh(III) complexes is 
illustrated in Scheme 3.3.38.  
Step I. The initial step of the coupling reaction can be understood, when the chlorine migration 
from Rh (I) allows Cl to bridge two Lewis acidic coordinated phosphaalkene functions, favoring 
the cis-complex formation. Addition of a chloride anion to phosphorus transforms the 
phosphaalkene into a metal-coordinated alkylidene(amino)(chloro)phosphanide anion that may 
act as C-nucleophile towards the electrophilic phosphorus atom of neighboured (chloride-free) 
metal-coordinated phosphaalkene 
Step II. The formation of the new P-C bond by nucleophilic P-chloroylid carbon atom attack at 
an electrophilic coordinated phosphaalkene P atom: the attacked phosphorus becomes cationic 
within another ylid. 
Step III. Rh complexes are known to facilitate the carbon monoxide insertion into the C-P 
bonds,[6,7] the chlorine atom will migrate from phosphorus to rhodium, Rh(I) will be oxidated to 
Rh(III). 
Step IV. The (RMe2Si)2C=C=O group will be eliminated from the system. 
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Scheme 3.3.38 Proposed mechanism for the formation of Rh(III) chelates 
 
  The low boiling point (51 °C/17 Torr)[282] of bis(trimethylsilyl)ketene affects its 
identification, being removed in vacuo during the isolation of the complexes. To prove that 
indeed (Me3Si)2C=C=O was eliminated, the reaction was repeated using CDCl3 as solvent instead 
of CH2Cl2, the 
13C-NMR spectrum from the reaction mixture allowed us to observe a singlet 
resonance at δC = 167.08 ppm (150 MHz) that is very close to the shift given in the literature for 
the carbonyl function of bis(trimethylsilyl)ketene, (Me3Si)2C=C=O.
[283] In the case of complex 61 
a singlet at δC = 166.2 (100 MHz) ppm was observed. 
In the 31P-NMR spectrum (CDCl3) an intermediate species has been observed, besides the 
product, which exhibits a multiplet pattern: at least three inequivalent phosphorus atoms that 
show coupling with each other and with rhodium. The 31P-NMR spectrum is presented in Figure 
3.3.25: 
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Figure 3.3.25 31P-NMR spectrum (CDCl3, 81 MHz) from 59(*) and the intermediate species 
 
 Compound 59 was isolated as orange solid reacting two equivalents 26 with one equivalent 
trans-chlorocarbonylbis(triphenylphosphine)rhodium(I). The reaction was monitored by 31P-NMR 
spectroscopy, the spectra revealing that the reaction was complete within 5 days. 
Chelate 59 was characterized by means of elemental analysis, 1H, 13C, 31P NMR spectroscopy, 
mass spectrometry and X-ray analysis. The 31P-NMR spectrum of 59 exhibits an A2M2X pattern: 
the CPN phosphorus atom exhibits, at δP = 40.55 ppm, a doublet of triplets due to the coupling 
with 103Rh (1JPRh = 40.3 Hz) and with NPPh2 phosphorus (
2
JPP = 8.0 Hz). The chemical shift of 
NPPh2 phosphorus atom (δP = 40.6 ppm) is now moved slightly toward low field related to the free 
ligand (δP = 37.7 ppm) and exhibits the same doublet of triplets with 1JPRh = 93.0 Hz and 2JPP = 8.0 
Hz. The 13C-NMR spectroscopy shows a complicated high order spectrum due to coupling with 
103Rh and 31P.  
 In EI mass spectra no molecular ion was detected and the base peak was at m/z = 335, 
which corresponds to the [Ph2PNAda]
+ cation, at m/z = 990 (2 %) the [M-Cl]+ fragment was 
observed. 
Single orange crystals of 59 suitable for X-ray diffraction analysis were obtained by 
crystallization from CH2Cl2/hexane solution at 5 °C.  
Compound 60 was isolated as orange solid in good yield (75 %); reaction time was similar to 59 
(5 days) as shown by 31P-NMR. Complex 60 was characterized by means of elemental analysis, 
* 
*
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1H, 13C, 31P NMR spectroscopy, mass spectrometry and X-ray analysis. The chemical shifts and 
the coupling constants in 31P-NMR are very similar to 59 (δP = 43.6, 1JPRh = 40.3 Hz, ppm; δP = 
29.3, 1JPRh = 93.0 Hz; 
2
JPP = 8.2 Hz). The EI mass spectra shows the molecular ion at m/z = 870 
(4 %) and the base peak at m/z = 200 for the [PPRhCl]+ fragment. Orange single crystals were 
grown at 5 °C from a CDCl3 solution.  
 
 
Figure 3.3.26 31P-NMR spectrum of 60 
 
 Since the molecular structures of 59 (Figure 3.3.27) and 60 (Figure 3.3.28) differ only 
slightly, they are discussed together. Chelate 59 crystallizes triclinic in the space group P -1 (with 
three CH2Cl2 molecules) and 60 crystallizes monoclinic in the space group P 21 (with two CDCl3 
molecules). In these structures the coordination geometry around the rhodium(III) center is best 
described as a distorted trigonal bipyramid, with the Cl occupying an equatorial site. The two 
chelating “PNP” ligands span equatorial and axial positions. Since the “bite” angles (P-Rh-P) of 
the “PNP” chelates [average value 69.72(16)° for 59 and 70.52(12)° for 60] are much less than 
the ideal TBP value of 90°, a significant distortion from the TBP geometry results. However, the 
rhodium atom is displaced only 0.017 Å (59) and 0.081 Å (60), respectively, from the equatorial 
plane formed by P2, P3 and Cl, the P1-Rh-P4 angle (175.8° for 59 and 176.3° for 60) is very 
close to the requirements of TBP geometry. Attempts to describe the geometry of 59 and 60 as 
square pyramidal (SP) prove less fruitful. 
 The Rh-P distances [average 2.296(5) Å for 59, 2.288(3) Å for 60] are between the Rh-P 
distances reported for the rhodium-dppm complexes (2.30-2.34 Å)[284-287] and rhodium-DPCB 
complexes (2.18 Å).[288] However, there are no significant differences between the individual Rh-
P distances in our chelates. The two Rh-P(axial) distances are 2.299(5) and 2.296(5) Å (59), 
respective 2.298(3) and 2.289(4) Å in 60 while the two Rh-P(equatorial) distances are 2.305(5) 
and 2.286(5) Å (59), 2.277(4) and 2.289(3) Å in 60, respectively. Within the equatorial plane the 
equatorial-Rh-equatorial angles show an unusual variation [Cl-Rh-P2, 147.75(16)°; Cl-Rh-P3, 
143.13(17)°; P2-Rh-P3, 69.09(16)° for 59, Cl-Rh-P2, 138.97(14)°; Cl-Rh-P3, 150.12(14)°; P2-
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Rh-P3, 70.42(12)° for 60] from the ideal trigonal bipyramid value of 120°. The Rh-Cl bond 
length in 59 of 2.422(5) Å is slightly longer than in 60 [2.39 (4) Å] but still comparable to the Rh-
Cl distance in the related compounds [e.g. Wilkinson catalyst: Rh-Cl is 2.404(4) Å].[289] 
The P-C bond lengths [P2-C1 1.892(18) Å, P3-C1 1.888(18) Å for 59 and 1.886(13), 1.912(14) Å 
for 60)] are showing that the character of the P-C bond has changed from a double bond (C sp2) 
to a single bond (C sp3).  
 
 
Figure 3.3.27 Molecular structure of 59 with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: Rh-P(3) 2.286(5), Rh-P(4) 2.296(5), Rh-
P(1) 2.299(5), Rh-P(2) 2.305(5), Rh-Cl 2.422(5), P(1)-N(1) 1.683(16), P(2)-N(1) 1.797(16), P(2)-
C(1) 1.892(18), P(3)-N(2) 1.798(16), P(3)-C(1) 1.888(18), P(4)-N(2) 1.678(15), P(3)-Rh-P(4) 
69.8(16), P(3)-Rh-P(1) 107.9(17), P(4)-Rh-P(1) 175.8(17), P(3)-Rh-P(2) 69.1(16), P(4)-Rh-P(2) 
106.1(17), P(1)-Rh-P(2) 69.6(17), P(1)-N(1)-P(2) 98.1(8), P(4)-N(2)-P(3) 97.8(8), P(3)-C(1)-P(2) 
87.04(8) 
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Figure 3.3.28 Molecular structure of 60 with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: Rh-P(2) 2.2778(4), Rh-P(4) 2.288(4), Rh-
P(3) 2.289(3), Rh-P(1) 2.298(3), Rh-Cl 2.390(4), P(1)-N(1) 1.682(12), P(2)-N(1) 1.794(12), P(2)-
C(1) 1.887(13), P(3)-N(2) 1.801(11), P(3)-C(1) 1.913(14), P(4)-N(2) 1.679(12), P(2)-Rh-P(4) 
106.5(13), P(2)-Rh-P(3) 70.4 (12), P(4)-Rh-P(3) 70.4(13), P(2)-Rh-P(1) 70.6(12), P(4)-Rh-P(1) 
176.3(13), P(3)-Rh-P(1) 106.3(13), P(1)-N(1)-P(2) 99.0(6), P(4)-N(2)-P(3) 98.6(6) 
 
Compared to the free ligands we can conclude that the Ph2P-N bonds are slightly shorter 
and the CP-N bonds are increasing upon coordination to Rh(III).(Table 3.3.14) Bond angles are 
also affected with a P-N-P angle decreasing from ca.118° to ca. 98°. 
 
Bond lengths (Å)  
and angles (°) 
26 59 27 60 
(Ph)P-N 
 
172.4(10) 
 
168.3(16) 
167.8(15) 
172.4(11) 
 
168.2(12) 
167.9(12) 
(C)P-N 
 
174.6(9) 
 
179.7(16) 
179.8(16) 
174.7(12) 
 
179.4(12) 
180.1(11) 
(Ph)P-N-P(C) 119.3(5) 98.1(8) 
97.8(8) 
116.7(7) 99.0(6) 
98.6(6) 
Table 3.3.14 Comparison of the selected bond lengths and angles between 26, 27, 59 and 60 
 
 In order to see which factors affects the formation of the chelates 59 and 60, we chose to 
react the bulkier ligand 29 with RhCl(CO)(PPh3)2 in a 1:1 and 2:1 ratio. Surprisingly, no reaction 
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was observed in these cases, the 31P-NMR spectrum from the reaction mixture exhibiting, even 
after 10 days, just the pattern corresponding to the ligand.  
 
P
N
P
Me3Si
Me3Si Ph
Ph
Mes*
RhCl(CO)(PPh3)2
CH2Cl2
no reaction
 
Scheme 3.3.39 Reaction of 29 with RhCl(CO)(PPh3)2 
 
  The structural differences between 26, 27 and 29 (chapter 3.2) allow us to understand the 
different reactivity of the supermesityl-bridged ligand towards RhCl(CO)(PPh3)2. This can be a 
proof for the above mentioned mechanism, where the chlorine atom is bonded to two phosphorus 
atoms in a cis arrangement (step I, Scheme 3.3.38), the Mes* group hindering the rotation around 
the P-N bond. 
  It was also of interest to explore the behavior of the sterically more protected ligand 
(iPrMe2Si)2C=PN(Ph)PPh2 (58) (synthesized in our group by R. M. Bîrzoi),
[100] with bulkier 
iPrMe2Si groups attached to the C=P function. The 
31P-NMR spectrum reveals the formation of 
the related chelate complex 61 within 4 days. The complex was analyzed by 1H, 13C and 31P 
NMR spectroscopy.  The 31P NMR data for complexes 59, 60 and 61 are given in Table 3.3.15: 
 
PM
N
PA
RhX
PA
N P
M
Cl
Ph
PhR`
R`
RMe2Si
RMe2Si
Ph
Ph
 
 
Compound δA (ppm) 1JAX (Hz) δM (ppm) 1JMX (Hz) 2JAM (Hz) 
59 
60 
61 
40.6 
43.6 
39.2 
40.3 
40.3 
37.4 
28.8 
29.3 
34.5 
93.0 
93.0 
99.5 
8.0 
8.2 
4.8 
Table 3.3.15 31P-NMR data for complexes 59 (R = Me, R` = 1-Ada, CDCl3, 162 MHz), 60 (R = 
Me, R` = tBu, CDCl3, 162 MHz), and 61 (R = iPr, R` = Ph, CD2Cl2, 162 MHz) 
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3.3.4.3 Reaction with RhCl(PPh3)3 
 
  We investigated reactions of ligands 26 and 27 with the Wilkinson complex RhCl(PPh3)3. 
31P-NMR spectra indicated that two triphenylphosphine groups are displaced by the strong 
accepting phosphorus atoms from the ligands. The releasing of the triphenylphosphine groups 
was confirmed by the presence of a singlet (δP = - 4.5 ppm) in the 31P-NMR spectrum.  
The steric factors suggest that the PPh3 group is probably trans oriented to the PPh2 group, a fact 
confirmed also by 31P-NMR. 
 
P
N
P
Me3Si
Me3Si Ph
Ph
R
26:  R = 1-Ada
27:  R = tBu
RhCl(PPh3)3
CH2Cl2
62: R = 1-Ada
63: R = tBu
P
N
P
Me3Si
Me3Si
Ph
Ph
R
Rh
Ph3P Cl
- 2 PPh3
 
Scheme 3.3.40 RhCl(PPh3) complexes reported in this paper 
 
  The most similar complexes are those reported by Chiu et al. in 1982, where the 
RhCl(PPh3)(dppm) was synthesized from dppm and RhCl(PPh3)3
[290] and the 
RhCl(PPh3)bisphosphoniobenzophospholide (synthesized by the cleavage of the chloro-bridged 
dimer in reaction with PPh3 to afford the monomeric trisphosphine rhodium chloride) reported by 
Gudat et al.[291] 
P P
H2
C
Ph
Ph
Ph
Ph
Rh
Cl PPh3
P
PPh3
Ph2P
PPh2
Rh Cl
PPh3
X  
Scheme 3.3.41 Similar examples of RhCl(PPh3) complexes 
 
 The proposed η2 coordination of the rhodium atom to the phosphaalkene moiety is 
sustained by the large upfield shift of the phosphaalkene phosphorus atom (62: ∆δ = 245 ppm; 
63: ∆δ = 238 ppm). There are very few reports in the literature regarding η2 ligation of the 
rhodium on a P=C bond although the first example was reported in 1984 by Werner et al.[304] 
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Scheme 3.3.42 Synthesis of the first η2 Rh complex by Werner (1984) 
 
  Unfortunately, in this example the chemical shift difference before and after coordination 
can not be observed, and the reported 31P-103Rh coupling (172.7 Hz) is more typical for that 
expected for a η1 complex. With these results, we had to find other examples to justify the large 
deshielding in our chelates. In 1985, van Koten et al studied η1 and η2 coordination of platinum-
phosphaalkene complexes and found a ∆δP = 12 ppm for the η1 complexes and a ∆δP = 277 ppm 
for η2.[305] 
Px C Px C
Pt
Ph3P PPh3  
        δPx = 242.5 ppm        δPx = -34.7 ppm 
Scheme 3.3.43 31P-NMR data for free and η2 coordinated phosphaalkene 
 
 Compounds 62 (orange solid, 88%) and 63 (orange–red solid, 85%) were isolated in good 
yields, after precipitation with pentane from a dichloromethane solution. A 31P-NMR spectrum of 
62 is illustrated in Figure 3.3.29. The complexes were characterized by NMR spectroscopy, 
elemental analysis and mass spectrometry.  
 The 31P-NMR spectrum of 62 shows an ABMX pattern, where A, B, M are the 
phosphorus atoms and X is the rhodium. A broad resonance centered around δP = 129.4 ppm 
(moved toward high field related to the free ligand δP = 374 ppm) corresponding to CPN 
phosphorus atom and a complicated multiplet for the other two phosphorus atoms suggesting that 
the PPh2 and PPh3 signals are overlapping each other. A doublet of doublet of doublets was 
identified for the PPh2 at δP = 30.6 ppm with J15 = 135.6 Hz, J13 = 38.4 Hz, J12 = 19.2 Hz where 
the large coupling corresponds to the P-Rh coupling, the 38.4 Hz to the PPh2 – PPh3 coupling and 
the 19.2 Hz to the CPN coupling. For the PPh3 phosphorus atom was assigned a doublet of 
doublets at δP = 28.2 ppm with J13 = 124.0 Hz and J12 = 38.4 Hz.  
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Figure 3.3.29 BMX part of the 31P-NMR spectrum of 62 
 
The 31P-NMR spectrum of 63 is similar to 62, a comparison between them is given in Table 
3.3.16: 
PA
N
PB
Me3Si
Me3Si
Ph
Ph
R
Rh
Ph3PM Cl  
 
 
 
 
 
Table 3.3.16 31P-NMR (CD2Cl2, 81 MHz) data for 62 and 63 
 
The structures of 62 and 63 were confirmed by elemental analysis:  
 
Elemental 
analysis* 
62 63 
% C 
% H 
% N 
61.07 (60.35) 
6.32 (6.34) 
1.52 (1.58) 
58.19 (58.58) 
6.19 (6.19) 
1.66 (1.88) 
* found values in parentheses 
Table 3.3.17 Elemental analysis data of 62 and 63 
 
Compound 
δA 
(ppm) 
δB 
(ppm) 
δM 
(ppm) 
1
JBX 
(Hz) 
2
JBM 
(Hz) 
2
JBA 
(Hz) 
1
JMX 
(Hz) 
62 
63 
129.4 
135.0 
30.6 
30.4 
28.2 
29.1 
135.6 
136.5 
38.4 
39.2 
19.2 
19.1 
124.0 
123.6 
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 In EI mass spectra of 62 and 63 no molecular ion was detected and the base peak was 
found at m/z = 262, which corresponds to the [Ph3P]
+ cation, at m/z = 183 (90 %) the [RhClPN]+ 
fragment was observed in the case of 62 and for 63 at m/z = 475 (18 %) the [PNPRhClPPh3]
+ 
fragment. 
 The RhCl(PPh3)3 reactivity toward carbon monoxide is known since its synthesis by 
Wilkinson
[292] in 1966. RhCl(PPh3)3 is converted by carbon monoxide, at atmospheric pressure, to 
RhCl(CO)(PPh3)2. 
 
RhCl(PPh3)3
CO
RhCl(CO)(PPh3)2 + PPh3  
 
 In order to see how 62 will react with carbon monoxide, we flushed CO through the 
reaction mixture, after 5 min an orange solid precipitated and the 31P-NMR from this mixture 
showed the formation of 59 and RhCl(CO)(PPh3)2, respectively. However, the complex mixture 
of compounds was converted into a fair amount of 59, i. e., the presence of CO being essential for 
the course of the unusual coupling reaction. 
CO
RhCl(CO)(PPh3)2
P
N
P
Rh
P
N
P
Cl
Ph
Ph
Ada
Ada
Me3Si
Me3Si
Ph
Ph
+
(Me3Si)2C=C=O+
62 59
2 P
N
P
Me3Si
Me3Si
Ph
Ph
Ada
Rh
Ph3P Cl
 
Scheme 3.3.44 Reactivity of 62 toward CO 
 
It seems that the steric repulsion, do to the overcrowding by the phenyl groups of PPh3 and silyl 
groups from SiMe3, made the PPh3 group labile and easy to be substituted by other ligands. 
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3.3.4.4 Reaction with [RhCl(CO)2]2 
 
  Reactions of [Rh(Cl)(CO)2] dimer with different phosphorus containing ligands were 
reported more than 40 years ago.[293,215] These type of reactions allow the formation of different 
species depending on the nature of the ligand, e.g. PPh2PN(CHRCOOMe)PPh2 reacts with 
[Rh(Cl)(CO)2]2 to form the mononuclear species Ph2PN(CHRCOOMe)PPh2RhCl(CO) (a) when 
R = iPr and the ionic complex b when R = Me.[215]  
 
Scheme 3.3.45 Reaction of bis(diphenylphosphino) ligands with [Rh(Cl)(CO)2] dimer reported 
by Lednor et al in 1978[215] 
 
 A mixture of a mononuclear and a binuclear species was reported by Faraone et al in 
2004, but many reports were found where just the monomeric structures were observed, e. g. 
using BINAP as ligand.[294-296] As far as we know, the only reported Rh(CO)Cl complex 
containing a C=P bond are the diphosphinine c reported by Müller et al:[297] 
 
PP Rh
CO
Cl
Ph
Ph
Ph
Ph
 
c 
 
 Using the “hybrid” ligands, that comprise the properties of the phosphine group and those 
of the phosphaalkene moiety, 26 or 27, a “conventional” chelate complex [Rh(Cl)(CO)(L)], was 
tried to synthesize. Two equivalents of 26 were reacted with one equivalent of [Rh(CO)2(µ-Cl)]2 
dimer in CH2Cl2 (Scheme 3.3.46). A change of color from yellow to orange-red (64) or red (65) 
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was immediately observed. Evaporation of the solvent, precipitation and washing with n-pentane 
furnished the terracotta (64) or orange-brown (65) solids in moderate yields, 78 % and 58 %, 
respectively. 
CH2Cl2
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Me3Si
Me3Si Ph
Ph
R
26:  R = 1-Ada
27:  R = tBu
+ Rh Rh
Cl
Cl
OC
OC
CO
CO
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65: R = tBu
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Me3Si Ph
Ph
R
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Scheme 3.3.46 Synthesis of Rh(CO)(Cl)(L) complexes 
 
 The formulation of compounds 64 and 65 as η2 chelated species is supported by the 
pattern of the phosphorus atom resonances in the 31P-NMR spectrum and the 1JPRh values. 
Compound 64 exhibits two doublets of doublets in the 31P- NMR spectrum, recorded in CD2Cl2, 
centered at δP = 157.4 ppm (dd, 
1
JPRh = 27.1, 
2
JPP = 5.9 Hz) and at δP = 16.7 ppm (dd, 
1
JPRh = 91.9, 
2
JPP = 5.9 Hz) for the phosphalkene and diphenyphosphino phoshorus atoms, respectively. The 
phosphaalkene phosphorus atom is moved to high field compared to the ligand (δP = 373 ppm) 
suggesting the η2 coordination. The 31P-NMR spectrum 65 showed doublets similar to 64. 
 When an isolated sample of 64 was dissolved in deuterated solvent, the 31P-NMR 
spectrum revealed the presence of another species exhibiting signals at δP = 114.2 ppm (d, 
1
JRhP = 
35.6 Hz), 112.3 (d, 1JPRh = 35.7 Hz), 29.7 (d, 
1
JPRh = 123.8 Hz), and 29.9 ppm (d, 
1
JPRh = 124.3 
Hz). In the case of 65 the process is slower and small traces of the second product are also 
observed. These secondary products can be formulated as the η2 rhodium chloro-bridged 
complexes 66 and 67 (Scheme 3.3.47) formed after losing carbon monoxide.  
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Figure 3.3.29 31P-NMR spectrum (CD2Cl2, 81 MHz) of a mixture of 64 and 66 
 
64: R = 1-Ada
65: R = tBu
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N
P
SiMe3Me3Si
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Ph
R Rh
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Me3Si Ph
Ph
R
Rh
OC Cl
66: R = 1-Ada
67: R = tBu  
Scheme 3.3.46 Formation of the η2 chloro-bridged Rh complexes 
 
  Due to the steric effects we propose the trans orientation of the phosphanyl and 
phosphaalkene groups in 66 and 67. The elemental analyses from the isolated solids are given in 
Table 3.3.17. The differences between calculated and observed values are probably due to the 
small traces of 66 and 67, respectively. 
 
Elemental 
analysis* 66 67 
% C 
% H 
% N 
% Cl 
52.21 (51.35) 
6.66 (6.28) 
2.03 (1.98) 
5.14 (4.59) 
47.10 (45.48) 
6.09 (5.83) 
2.29 (2.65) 
5.78 (7.31) 
* found values in parentheses 
Table 3.3.17 Elemental analysis data of 66 and 67 
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 In the 64 EI mass spectra no molecular ion was detected, the base peak was observed at 
m/z = 135 and corresponds to the [Ada]+ cation, the [M-Ada]+ fragment was detected at m/z = 
553 with a intensity of 50 % and at m/z = 147 the [PNRh]+ (80 %). In the EI mass spectra of 65 
no molecular ion was detected, the base peak at m/z = 93 remained unresolved and the [M-RhCl]+ 
fragment was detected at m/z = 475 with a intensity of 20 %.  
 In order to prove the above proposed structures we bubbled slowly carbon monoxide gas 
into a suspension of 66 for 5 min. The 31P-NMR spectrum after carbonylation exhibits the same 
doublet of doublets assigned to 64 demonstrating the reversibility of the reaction. Our focus being 
on RhIIICl(PNP-C-PNP) chelates (59, 60) and having the “PNPRhCOCl” complexes which are 
very similar to RhCOCl(PPh3)2 we decided to carry out two experiments: (both experiments were 
monitored by 31P-NMR) 
a) four equivalents “PNAdaP” were reacted with one equivalent [Rh(CO)2Cl]2 (2 
eq.“PNP” per 1 eq. Rh); 
b) two equivalents “PNAdaP” were reacted with one equivalent [Rh(CO)2Cl]2 until 64 
was formed, followed by the addition of another two equivalents “PNAdaP”. (2 
eq.“PNP” per 1 eq. Rh). 
 The first experiment leads to a mixture of products besides the ligand: 64, 59 and the same 
NMR pattern (intermediate specie) observed by the reaction of 26 with RhCOCl(PPh3)2. During 
the reaction a decrease in intensity was observed for the doublets assigned to the ligand and to 64, 
followed by an increase in intensity of the triplets corresponding to 59.  
 In the second experiment we observed that the “RhCOCl” complex was formed fast, 
within two hours, and then a second portion of “PNP” was added. The 31P-NMR spectrum after 
the addition showed the slow formation of the desired compound (59) but the reaction was 
complete after ca. 8 days. The same intermediate species observed by the reaction with 
RhCOCl(PPh3)2 was also present in the 
31P-NMR spectra demonstrating that no 
triphenylphosphine group is involved in the reaction mechanism. 
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Scheme 3.3.48 Reaction of 26 with Rh(CO)2Cl dimer, pathway a (1:1) and b (2:1) 
 
 
3.3.4.5 Reaction with [RhCl(cod)]2 
 
  Reactions with RhCl(cod) dimer are very well documented in the literature.[298-301] Most 
reported are reactions of the bis(diphenylphosphine) derivates and less references were found 
related to phosphaalkenes.[302,303] In our group, R. M. Bîrzoi reacted the N-trimethylsilylimino 
bisphosphaalkene with RhCl(cod) dimer in a 1:1 (P:Rh) ratio to synthesize the dinuclear Rh(I) 
complex:[100] 
(PriMe2Si)2C P
N
P
Rh
C(SiMe2iPr)2
Rh
Cl
 
Scheme 3.3.49 Dinuclear Rh(I) complex 
 
 Reacting our “hybrid” ligands 26 and 27 with [RhCl(cod)]2 in a 1:1 ratio caused an 
immediate change of color from orange to red. The 31P-NMR spectrum monitoring the reaction of 
26 with rhodium exhibits an ABX pattern, a doublet moved toward high field (δP = 115.0 ppm) 
relative to the free ligand (δP = 373.0 ppm) suggesting a η2 ligation of rhodium with a 1JPRh = 36 
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Hz, and a second doublet at δP = 26.3 ppm [slightly moved to high field, δP(free ligand) = 37.7 
ppm] with 1JPRh = 125.1 Hz. Surprisingly, no phosphorus-phosphorus coupling and no 
3
JRhP were 
detected. The same pattern was observed reacting 27 with [RhCl(cod)]2 in a 1:1 ratio: δP = 118.0 
ppm (1JPRh = 36 Hz) and δP = 26.7 ppm (1JPRh = 124 Hz). 
 Evidences for the proposed structures (68, 69) emerge from the 1H and 13C-NMR spectra 
(which show that only one diene ligand was replaced by a “PNP” ligand) and from elemental 
analysis. The η2 coordination can be explained taking into consideration the known strong 
electron acceptor behavior of the π*(C=P) which is remarkably increased by the silyl and the 
phenyl groups attached to the σ3,λ3-P.[32] The phosphorus (P=C) chemical shifts of the complexes 
68 and 69 show considerable deshieldings, ∆δ = 258 ppm and ∆δ = 254, respectively.  
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Scheme 3.3.50 Reaction of 26 and 27 with RhCl(cod) dimer 
 
  As related in the precedent chapter, sometimes the aminophosphines are obtained as 
impurities by the ligand synthesis and can not be separated from them, when the ligand is reacted 
with a metal, as expected; the aminophosphine will also coordinate to the metal center. 31P-NMR 
spectrum from the synthesis of 69 showed besides the doublets corresponding to the desired 
product another doublet at δP = 48.8 ppm with 1JPRh = 153 Hz. Both, chemical shift and 31P-103Rh 
coupling suggesting the formation of the aminodiphenyphosphino Rh(I) complex. This complex 
being more soluble than 69, allowed the isolation of the “PNPRh” complex by precipitation with 
pentane, from a concentrated dichloromethane solution, and in this way the separation of the 
products. Red crystals (71) suitable for the X-ray analysis were grown keeping the mother liquid 
(dichloromethane/pentane) at room temperature for two days. The crystals were solved in CDCl3 
and analyzed by NMR spectroscopy (1H, 13C and 31P). A similar doublet was observed in the 31P-
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NMR spectrum of 68, δP = 48.2 ppm, 1JPRh = 153.8 Hz indicating the presence of the Rh(I) 
diphenyl-N-(1-adamantylimino)phosphinamine 70. 
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Scheme 3.3.51 Reaction of aminodiphenylphosphines with RhCl(cod) dimer 
 
 
Figure 3.3.30 Molecular structure of 71 with thermal displacement parameters drawn at 50% 
probability. Selected bond lengths [Å] and angles [°]: Rh-C(22) 2.105(13), Rh-C(21) 2.128(13), 
Rh-C(17) 2.222(12), Rh-C(18) 2.223(12), Rh-P 2.323(3), Rh-Cl 2.384(3), P-N 1.658(12), P-Rh-
Cl 91.3(11), N-P-C(11) 106.3(6), C(11)-P-C(5) 104.2(6), N-P-Rh 110.0(4), M1-Rh-Cl 89.9, M2-
Rh-P 92.0, M1-Rh-M2 86.7  
 
 Complex 71 crystallizes monoclinic in the space group P 21/c. The molecular structure of 
71 consists of the neutral [Rh(COD)Cl(Ph2PNHtBu)] entity in which the rhodium is surrounded 
by the chloride atom, the two olefinic bonds of the cyclooctadiene ligand (with Ml and M2 being 
the midpoints of C17-C18 and C2l-C22 respectively) and the phosphorus atom of the phosphine 
ligand. The coordination geometry around the rhodium atom is square-planar, with the sum of 
four cis angles of 360.0°. The COD ligand is coordinated in its standard boat conformation and 
the bite angle is 86.6° (M1-Rh-M2). The two olefinic bonds [C17-C18 1.371(19) Å and C21-C22 
1.401(19) Å] are slightly different and also the distances between Rh and the midpoints of the 
olefinic bonds [Rh-M1 2.1114 Å (trans to P) and Rh-M2 1.997 Å (trans to Cl)] are equal within 
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experimental error. The geometry around nitrogen or phosphorus atoms has not suffered 
significant differences upon coordination to rhodium (I).[155] 
 Changing the reaction ratio from 1:1 to 2:1 (L:Rh/1:1) a visible change in the reaction 
mixture was observed: during the addition of the ligand the color changed from orange to red 
followed by the appearance of an orange (66) or a orange-red precipitate (67), respectively. 
Monitoring the reaction by 31P-NMR we observed the disappearance of the ligand signals 
concomitant with the appearance of more doublets between 120 and 25 ppm. Analyzing the 
spectra we identified the signals corresponding to 66, 68, 70, and 67, 69, 71, respectively. 
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Scheme 3.3.52 2:1 reaction with [RhCl(cod)]2 
 
 Compound 66 (orange solid) and 67 (orange-red solid), respectively, were isolated by 
filtration from the reaction mixture (66) or by precipitation with pentane from the 
dichloromethane solution. The structures of these complexes (66, 67) were established by the 
NMR spectroscopy and confirmed by elemental analysis. The 1H- and 13C-NMR spectra indicate 
the absence of cyclooctadiene and the presence of the coordinated ligands. The chemical shifts in 
the 31P-NMR spectra show characteristic high field shifts for the η2 coordination of the rhodium, 
the coupling 1J(31P-103Rh) of ca. 125 Hz is typical for phosphines coordinated to rhodium(I) 
centers and the 1J(31P-103Rh) of ca. 36 Hz is in the normal range for the η2 ligation. Two very 
similar sets of doublets were observed in 31P-NMR spectra for the chloro-bridged dimers 
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suggesting either the inequivalence of the phosphorus atoms or the possibility of two geometric 
isomers cis and trans: 
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Scheme 3.3.53 Geometric isomers of complexes 66 (R = 1-Ada), 67 (R = tBu) 
 
Due to the steric factors the trans geometry is more probably than the cis arrangement.  
 
P=C PPh2 
Compound 
δP (ppm) 1JPRh (Hz) δP (ppm) 1JPRh (Hz) 
66 
113.4 
111.7 
35.5 
35.9 
31.6 
27.6 
124.7 
124.8 
67 
116.1 
114.3 
35.8 
35.8 
30.0 
27.1 
123.6 
124.4 
Table 3.3.17 31P-NMR (C6D6, 81 MHz) data for 66 and 67 
 
Because of the known poor solubility of chloro-bridged dimers, further NMR data for 67 could 
not be obtained but the composition was confirmed by elemental analysis and EI mass 
spectrometry. 
  There are not many reports based on chloro-bridged phosphaalkene rhodium complexes, 
and less including a η2 ligation of rhodium. Here, we present two examples of a η1[288] and a η2 
(P=C double bond part of a phosphacumulene)[306] Rh complex. 
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Scheme 3.3.54 Examples of η1 and η2 Rh complexes 
 
 An indirect prove for the η2 coordination of the rhodium and the trans arrangement of the 
phosphanyl and phosphaalkene moieties came from an X-ray analysis. Red single crystals were 
grown from a C6D6 solution and the X-ray diffraction study revealed the formation of the 
rhodium complex 72, where an electron density of approximatively one electron was obesrved at 
the phosphaalkene phosphorus atom. This electron density can be attributed to a hydrogen atom 
(proton or deuterium).  
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Scheme 3.3.55 Formation of the complex 72 
 
 We can suppose that 72 was formed by the addition of deuterium from the deuterated 
benzene, but the factors which influence the addition of the proton or deuterium to the 
phosphorus atom and not to rhodium are unknown, although rhodium is known to abstract 
hydrogen[307,308] or chlorine.[309-311] 
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Figure 3.3.31 Molecular structure of 72 (left: asymmetric unit; right: complex molecule) with 
thermal displacement parameters drawn at 50% probability. Selected bond lengths [Å] and angles 
[°]: Rh-P(2) 2.178(4), Rh-C(1) 2.191(13), Rh-P(1) 2.275(4), Rh-Cl(a) 2.415(4), Rh-Cl(e) 
2.448(4), P(1)-C(1) 1.754(14), P(1)-N 1.778(12), P(2)-N 1.669(11), P(2)-Rh-C(1) 96.2 (4), P(2)-
Rh-P(1) 69.7 (14), C(1)-Rh-P(1) 46.2(4), P(2)-Rh-Cl(a) 88.6(14), P(2)-Rh-Cl 153.3(15), C(1)-
Rh-Cl 94.1(4), P(1)-Rh-Cl 132.6(14), C(1)-P(1)-N 108.7(6), C(1)-P(1)-Rh 64.4(4), N-P(1)-Rh 
92.6(4), N-P(2)-Rh 99.3(4), P(2)-N-P(1) 95.2(6) 
 
 Complex 72 crystallizes triclinic in the space group P -1 with half molecule and three 
C6D6 molecules in the asymmetric unit. The coordination geometry about the rhodium(II) center 
is best described as a distorted trigonal bipyramid, with the P1, P2 and Cl(e) atoms occupying the 
equatorial positions, the axial positions being occupied by the carbon C1 and chlorine Cl(a). 
Since the angles Cl(a)-Rh-Cl(e) 82.28(13)° and P2-Rh-Cl(a) 88.60(14)° are much less than the 
ideal trigonal bypiramid value of 120° and the third angle P1-Rh-Cl(a) 134.92(14)° is larger than 
120° a significant distortion from the TBP geometry results. Also the P2-Rh-P1 69.74(14)°, P1-
Rh-Cl(e) 132.61(14)° and P2-Rh-Cl(e) 153.30(15)° are very different from the ideal value of 90°. 
However, the rhodium atom is displaced 0.233 Å from the equatorial plane formed by P1, P2 and 
Cl(e), the Cl(a)-Rh-C1 angle [174.82(4)°] is very close to the requirements of TBP geometry. The 
framework formed by phosphorus, rhodium, and chlorine atoms is planar, rather than of the 
folded type. The planar dimers have, characteristically, longer Rh-Rh distances (13.50 Å) than 
their folded analogues (<3.20 Å). The Rh-Rh distance in 72 is 3.662 Å, which is similar to 
[(PPh3)4Rh2Cl2] and longer than other similar complexes, [RhCl(cod)]2 3.50 Å. The Rh-Cl 
distances are 2.415(4) and 2.448(4) Å. A difference in Rh-Cl bond lengths has also been noted in 
[(PPh3)4Rh2Cl2] where a trans effect is not operating Rh-Cl 2.394(2) and 2.424(2) Å.  
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The P1-C1 bond length with a value of 1.754(14) Å is situated between a single P-C bond (1.88 
Å) and a double P-C bond (1.66 Å) demonstrating the η2 coordination of the rhodium. The P1-N 
distance of 1.778(12) Å is larger than in 26 (1.746(9) Å) and smaller than in 59 [average 
1.797(16) Å], the P2-N distance 1.669(11) Å is shorter than in 59 [average 1.683(16) Å] and 26 
[1.724(10) Å]. The η2 coordination of the rhodium to the P-C bond affects the P1-N-P2 angle, the 
bond angle decreasing from 119 31(5)° in the free ligand to 95.24(6)° in 72. The angle is smaller 
than the one observed in for the Rh(III) chelate (average 98.45°). Both Rh-P distances are shorter 
than in the related 59, a comparison between bond lengths and angle is given in Table 3.3.17: 
 
Bond lengths (Å)  
and angles (°) 
26 59* 72 
(Ph)P-N 1.724(10) 1.683(16) 1.669(11) 
(C)P-N 1.746(9) 1.797(16) 1.778(12) 
(Ph)P-Rh - 2.299(5) 2.275(4) 
(C)P-Rh - 2.295(5) 2.178(4) 
(Ph)P-N-P(C) 119.3(5) 98.4(8) 95.2(6) 
*- average values 
Table 3.3.17 Comparison of selected bond lengths and angles 
 
  In order to study the reactivity of the µ-chloro bridged complexes toward carbon 
monoxide, a slow stream of CO was passed through a solution containing 66 for 5 min, a gradual 
change of color (from yellow to pale yellow) occurs and the formation of the carbonyl complex 
64 was confirmed monitoring the reaction by 31P-NMR.  
 Reacting two equivalents 26 with one equivalent RhCl(cod) dimer (L/Rh: 1/1) in a 
dichloromethane-acetonitrile mixture (1:1) leads to the chelate complex 73, as shown by 31P-
NMR. The spectrum consists of two doublets, one is centered at δP = 118.81 ppm with a 1JPRh 
coupling of 33.5 Hz and the second one at δP = 24.67 ppm with 1JPRh = 119.0 Hz.  
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Scheme 3.3.56 Reaction with RhCl(cod) dimer in presence of MeCN 
 
   After removal of the solvents in vacuo the 31P-NMR spectrum showed the replacement of 
the two doublets with the signals corresponding to 66 revealing the weak coordination of the 
acetonitrile molecule to rhodium. In a similar case[300] the removal of the coordinated MeCN 
required vacuum, 120 °C and four hours to generate the choro-bridged chelate. 
 
 
3.3.4.6 Transfer hydrogenation catalyzed by Rh complexes 
 
 More than any other element phosphorus plays an important role in the development of 
modern main group chemistry. Compounds with P=C double bonds, such as: phosphabenzenes, 
diphosphenes, phosphaalkenes regarded at first as “laboratory curiosities” with an exotic 
chemistry are now versatile ligands in coordination chemistry. Their excellent π-acceptor 
properties are in marked contradiction to their nitrogen analogues and to classical tertiary 
phosphines and make them useful as ligands in low-valent and electron-rich transition metal 
complexes, which are relevant for homogenous catalysis. 
Reduction of ketones and aldehydes to the corresponding alcohols, which can be 
performed by a variety of methods, is one of the most important reactions in organic synthesis. 
Among the methods used, transfer hydrogenation[312] is an elegant strategy that can be 
accomplished with homogeneous,[312-319] perfluorenated,[320] and water-soluble catalysts,[321–325] 
using different hydrogen sources such as isopropanol and formic acid derivatives. 
 Because of its significant role, the development of newer reductive protocols continues to 
receive attention in spite of the availability of the numerous reagents. Although pressure 
hydrogenation is preferred at large scale, transfer hydrogenation can have a niche for certain 
types of substrates that are incompatible with hydrogen gas. In addition, at laboratory scale, the 
greater convenience of transfer hydrogenation makes it the preferred reaction.  
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Transfer hydrogenation using stable organic reducing agents, typically 2-propanol or formic acid, 
is one way to convert carbonyl compounds to alcohols. 2-Propanol is the conventional hydrogen 
source having favorable properties; it is stable, easy to handle, nontoxic, inexpensive, and 
dissolves many organic compounds. The role of the base is considered to be increasing the 
concentration of 2-propoxide ion, which coordinates with M and then β-elimination forming an 
M-H reducing species and acetone. The currently accepted mechanism for transfer hydrogenation 
is presented in Scheme 3.3.57, in which X is an anionic ligand, typically a halide.[313] 
 
 
Scheme 3.3.57 Conventional mechanism for transition metal-catalyzed transfer  
hydrogenation with 2-propanol. M is a transition metal 
 
 Typical reaction setup involved acetophenone (0.2 M), the catalyst (0.5 mol%), fresh 
prepared sodium 2-propoxide (10 mol%) was used as a base to facilitate 2-propanol 
deprotonation and coordination, 2-propanol was used in excess as solvent and the reaction 
mixture was maintained at 82 °C. 
 
O
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+
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O
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Scheme 3.3.58 Rhodium catalyzed transfer hydrogenation of acetophenone 
Results and discussion               132 
Acetophenone conversion was determined by GC measurements and the Scheme 3.3.58 presents 
the formation of the 1-phenylethanol. 
Using 69 at room temperature, acetophenone is reduced to 1-phenylethanol in the presence of 
sodium 2-propoxide, with ca. 50% conversion within one hour but reaching 90% conversion after 
24 h. Heating to reflux, the conversion rate is significantly higher, reaching 93.4% after 5 minutes 
and more than 96% after 30 minutes. Complex 60 exhibits lower activity, converting 15% of 
acetophenone within the first hour of reaction time and accomplishing 95% conversion after 13 
hours. One of the reasons for the low activity of catalyst 60 might be the increased steric 
hindrance at the rhodium center, disabling in that way unproblematic approach of the substrate. 
The complex 65 shows a good activity, reducing acetophenone to 1-phenylethanol with a 90% 
conversion within one hour and 95% after 150 minutes.  
 
The activities of examined catalysts can be presented as the turnover frequency (TOF = molprod-
1.molcat–1 time–1). The highest activity was reached by 69 at 82 °C with a TOF of 2242 h-1, followed 
by 65 with a TOF of 512 h-1, low activity showed 60 (TOF 30 h-1) and the reactions at room 
temperature (TOF 98 h-1). 
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To compare, Balakrishna ’s rhodium(I) catalysts reach the TOF values between 15-25 h–1, using 
the same conditions.[300] 
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4 Summary 
 
The main objective of this research work was to find a way to synthesize various P-
phosphanylamino-phosphaalkenes, to explore the possibilities of using them as chelating ligands, 
and to shed some light on the bonding situation in their transition metal complexes. 
The present thesis can be splitted in two parts:  
 I. Synthesis and characterisation of P-phosphanylamino-phosphaalkenes; 
II. Coordination chemistry of P-phosphanylamino-phosphaalkenes:  
1. group 10 metal complexes 
2. gold complexes 
3. rhodium complexes 
 
 
I.  Since the 1-aza-2-phosphaallyl anions [(Me3Si)2CPN-tBu]
- react with dialkyl (or aryl) 
chlorophosphines under nucleophilic attack on phosphorus, leading to the undesired P-
phosphanyl-(σ3λ5)phosphoranes [imino(phosphanyl)methylenephosphines], which are, depending 
on the substitution pattern, accompanied by P-phosphanyl-azaphospiranes, we chose to start from 
aminodiphenylphosphines which are deprotonated by alkyl lithium reagents to give the 
phosphanylamide ions. These anions react further with the P-chlorophosphaalkene 
(Me3Si)2C=PCl to give selectively the desired P-phosphanylamino-phosphaalkenes. 
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Scheme 4.1 Synthesis of P-phosphanylamino-phosphaalkenes (*-for 18, 19 and 21; **- for 20) 
 
The aminophosphines 18, 19 and 20 are new compounds prepared using known methods, were 
characterized by NMR spectroscopy; 18 was fully characterized (melting point, elemental 
analysis, NMR, mass spectroscopy and X-ray analysis). All four P-phosphanylamino-
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phosphaalkene ligands were characterized by X-ray analysis and 26 and 27 were fully 
characterized. 
 
    
 26 27 28 29 
Figure 4.1 Solid state structures of 26-29 
 
II.  P-Phosphanylamino-phosphaalkene ligands comprise donor properties of phosphaalkenes 
and tertiary phosphines in one molecule and should therefore show interesting coordination 
chemistry. 
 
1. Group 10 metal complexes 
P-Phosphanylamino-phosphaalkenes react with MCl2 (cyclooctadiene) (M = Pt or Pd) complexes 
to form the supposed di-µ-Cl-bridged 1:1 complexes which react further with another ligand 
molecule leading surprisingly to a new kind of complexes comprising a metalloylid structure.  
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Scheme 4.2 Reaction with M(cod)Cl2  
 
Each ligand has one chlorine bonded to a P=C phosphorus atom. This phosphorus atom acts as σ-
donor towards platinum and as σ-acceptor towards the chlorine atom, i.e. the phosphaalkene 
phosphorus atom has inserted in a carbene-like fashion into the Pt–Cl bond. Carbene-like 
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behavior of uncharged two-coordinate phosphorus is common in the chemistry of 
iminophosphines RP=NR`, but it is unusual in phosphaalkene chemistry. 
The alternative (R)- or (S) configurations at the phosphorus atom, together with the 
intrinsic possibility of cis- or trans-P,P`-chelate ligand orientations around square-planar 
platinum, mean that up to four stereoisomers are possible. In the case of adamantyl derivative 
(26) with Pt(cod)Cl2 three from four possible stereoisomers were analysed by X-ray analysis 
(36a-c) and with Pd(cod)Cl2 one isomer (50) was crystallographically characterised:  
 
     
  36a (trans/anti)  36b (trans/syn)  
 
36c (cis/anti) 
Figure 4.2 X-ray structures of 36a-c  
 
For the tbutyl derivative (27) two isomers were crystallographically characterized: 41a 
(trans/anti) and 41c (cis/anti). The reation of the bulkier (iPrMe2Si)2C=P-N(Ph)-PPh2 (one 
methyl group from SiMe3 was replaced by ipropyl group) with Pt(cod)Cl2 leads also to the 
formation of 1:2 complexes (the trans/anti isomer 43a being characterized by X-ray analysis). 
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The trans/anti isomers consist of centrosymmetric molecules with trans orientation of the two 
types of phosphorus atoms around platinum; the chlorine atoms are anti oriented, one above and 
one below the square plane (R,S). The trans/syn isomers are another trans complex, but with syn 
orientation of the Cl atoms, which leads to a chiral molecule that has no imposed symmetry. The 
insertion of the carbenoid phosphorus atom into the Pt–Cl bonds must have involved an attack of 
the two chlorine nucleophiles at the two electrophilic phosphorus atoms from the same side of the 
square plane. The cis/anti isomers contains the chelate ligands with a cis arrangement of the PPh2 
groups and of the P=C functions; one of its chlorine atoms is above and the other one is below the 
square plane (anti), i.e. the complex displays approximate C2-symmetry.  
The mechanism of the insertion has been studied by L. Nyulászi and Z. Benkõ using DFT 
calculations and model calculations have been performed to understand the electrophilicity of the 
P-phosphanylamino-phosphaalkene ligand, the electrophilicity index (ω) was calculated. To 
understand the site reactivity of the molecule the Fukui function for nucleophilic attack was 
applied. 
Experiments aimed to convert 1:2 chelates into phosphaalkene complexes by abstraction 
of the chloride substituents using AgOTf as chloride abstractor led exclusively to complicated 
mixtures of compounds and X-ray analysis revealed the unexpected formation of a 2:1 Ag(I) 
complex (37) with the silver atom coordinated to the diphenylphosphorus atoms of two ligand 
molecules and to one phosphaalkene phosphorus atom.  
 
 
37 
Figure 4.3 X-ray structure of the Ag(I) complex 37 
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The “anionotropy” (migration of anionic ligands from the metal to unsaturated PNP ligands) 
could be avoided using bulkier Mes* ligand (29) reacting with Pt(cod)Cl2 with the formation of a 
1:1 complex 44``. 
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Scheme 4.3 Reaction of 29 with Pt(cod)Cl2 
 
Compounds 26 and 27 react with Ni(PPh3)2Cl2 leading to complexes to 51, 52; 27 reacts 
with Ni(PPh3)2(CO)2 with the formation of an η
2 Ni(0) complex (53) which reacts further with 
PPh3 leading to 54. The structures of 51 and 54 were confirmed by an X-ray diffraction study. 
 
      
                                                                         54 
Scheme 4.4 Synthesis of Ni complexes 51-54 
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2. Gold complexes 
Reaction of 26 and 27 with Au(tht)Cl (1:1 ratio) leads to the formation of 1:1 gold complexes, 
where gold is coordinated, as expected, to the phosphanyl phosphorus atom.  
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Scheme 4.5 Synthesis of 1:1 gold complexes 55 and 56, respectively 
 
 
3. Rhodium complexes 
 The reaction of two equivalents (Me3Si)2CPN(1-Ada)PPh2 (26), (Me3Si)2CPN(tBu)PPh2 
(27) or (iPrMe2Si)2CPN(Ph)PPh2 (58) with RhCl(CO)(PPh3)2 leads straightforwardly, under 
consumption of the ligands, to new Rh(III) complexes. In these Rh(III) complexes, 59, 60 and 61, 
the two phosphaalkene- or ylid-type ligands are now connected by a symmetric P-C(SiMe2R)2-P 
bridge (R = Me or iPr) and one C(SiMe2R)2 unit is completely expelled from complexes 59, 60 
and 61 upon formation of the tetradentate chelate ligands. The elimination of the C(SiMe2R)2 unit 
as (RMe2Si)2C=C=O was verified by 
13C-NMR, in the case of the methyl derivative the spectrum 
exhibits one singlet by δC = 167.1 ppm very close to the signal corresponding to (Me3Si)2C=C=O. 
The unexpected structures of 59 and 60 were revealed by X-ray diffraction studies and the 
structure of 61 was based on the A2M2X pattern (very similar to the A2M2X patterns exibited by 
59 and 60) observed in the 31P-NMR spectrum. The bulkier (Me3Si)2CPN(Mes*)PPh2 (29) shows 
no reaction with RhCl(CO)(PPh3)2. 
 Ligands 26 and 27 react with the Wilkinson catalyst RhCl(PPh3)3 leading to the η
2 
complexes 62 and 63, the η2 coordination being assigned on the strong deshielding of the signal 
corresponding to the phosphaalkene phosphorus observed in the 31P-NMR spectrum. The ligands 
are reacting with the [Rh(CO)2Cl] yielding the 1:1 complexes 64 and 65. These complexes are 
stable in the presence of carbon monoxide, but after isolation they are losing one CO molecule 
giving the η2 chloro-bridged complexes 66 and 67. Chelates 66 and 67 were synthesised by the 
reaction of 26, 27 with half equivalent of [Rh(cod)Cl]2.  
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Scheme 4.6 Overview of the synthesised Rh complexes 
 
 An indirect prove for the η2 ligation of the rhodium atom to the phosphaalkene moiety 
came from an X-ray analysis. From a C6D6 solution of 66 single crystals were grown and the X-
ray analysis revealed the formation of complex 72, where one proton or deuterium is apparently 
bonded to the phosphaalkene phosphorus atom. 
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Scheme 4.7 Formation of 72 
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Figure 4.4 Solid state structure of complex 72 
 
The 1:1 reaction of 26 or 27 with Rh(cod)Cl dimer leads to the dinuclear Rh complexes 68 and 
69. 
Rhodium complexes 60, 65 and 69 were tested in transfer hydrogenation of acetophenone. 
Using 69 at room temperature, acetophenone is reduced to 1-phenylethanol in the presence of 
sodium 2-propoxide, with ca. 50% conversion within one hour but reaching 90% conversion after 
24 h. Heating to reflux, the conversion rate is significantly higher, reaching 93.4% after 5 minutes 
and more than 96% after 30 minutes. Complex 60 exhibits lower activity, converting 15% of 
acetophenone within the first hour of reaction time and accomplishing 95% conversion after 13 
hours. The complex 65 shows a good activity, reducing acetophenone to 1-phenylethanol with 
90% conversion within one hour and 95% after 150 minutes.  
  To conclude, new bidentate ligands were synthesised and characterised, these ligands 
containing unsaturated phosphorus atom and one phosphino group in the molecule are showing 
very interesting coordination chemistry. The studied complexation reaction with Pt, Pd, Ni and 
Rh are leading to unexpected compounds different from those of the phosphaalkenes or 
bis(diphenylphosphino) Ph2PN(R)PPh2 ligands.  
In a major review of phosphaalkynes and phosphaalkenes written in 1981 Appel, Knoll, 
and Ruppert concluded with the comment “...only a small amount of information is available on 
the field of complex formation”. After the exceptionaly coordination chemistry showed by the P-
phosphanylamino phosphaalkenes with platinum or rhodium we can use the same comment to 
conclude the coordination chemistry of the P-phosphanylamino-phosphaalkene ligands. 
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5 Experimental section 
 
5.1 General working techniques 
 
All operations were performed in an atmosphere of dry nitrogen using Schlenk and 
vacuum techniques. All solvents were purified by standard methods and distilled prior to use or 
obtained from solvent purification system of company MBraun GmbH [dried over molecular 
sieve (3 - 4 Å) and stored under nitrogen atmosphere].  
 
Elemental analysis 
Elemental analysis (C, H, N, Cl) by combustion and gas chromatography were carried out 
by the department for elemental analysis of the “Institut für Anorganische und Analytische 
Chemie der TU Braunschweig” (Vario Micro Prototyp) and by the “Analytisches Labor des 
Institutes für Pharmazeutische Chemie der TU Braunschweig”. 
NMR- Spectroscopy 
1H, 13C and 31P NMR spectra were recorded on Bruker DPX 200, Bruker AV 300, Bruker 
DPX 400 and AV 600 devices. The chemical shifts are given in ppm relative to TMS for 13C and 
to H3PO4 85% (external standard) for 
31P. Coupling constants (J) are given in Hz. All 
heteronuclear measurements were recorded under 1H decoupling, if not otherwise stated. The spin 
coupling patterns are indicated as s (singlet), d (doublet), t (triplet), m (multiplet), sept. (septet) 
and br. (broad, for unresolved signals). 
Mass spectrometry 
Mass spectrometry was performed with a Finnigan MAT 8400-MSS I and Finnigan MAT 
4515 Trap devices. 
IR spectra were recorded on Bruker Vertex 70 device. 
X-ray diffraction analyses 
The single crystal X-ray diffraction analyses are measured on Bruker SMART 1000 CCD 
or Oxford Diffraction Xcalibur S devices by low temperatures (123 – 173 K). The 
crystallographic data of the measured compounds are presented at the end of the experimental 
part. 
Melting points (uncorrected) were measured with a melting point apparatus 535 of firma Büchi. 
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Used chemicals 
Following chemicals were purchasable: chlorotrimethylsilan, magnesium, triethylamine, 
tbutylamine, 2,6-diisopropylaniline, 2,4,6-trimethylamine, 1-adamantylamine, 
lithiumdiisopropylamide, chlorodiphenylphosphine, nbutyllithium, Ni(PPh3)2(CO)2, AgOTf, 
NH4PF6, Rh(CO)Cl(PPh3)2, Rh(CO)2Cl2, Rh(cod)Cl dimer, RhCl(PPh3)3, 1,5-cyclooctadiene. 
Following chemicals were available in our group: Pd(cod)Cl2, selenium, Au(tht)Cl, 
NiCl2(PPh3)2, K2PtCl4, SnCl2*2H2O, hexamethyldisilazane, (iPrMe2Si)2C=P-N(Ph)-PPh2. 
Pt(cod)Cl2 was synthesized after literature procedure.
[332]  
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P-Chloro[bis(trimethylsilyl)methylene]phosphine [1] 
 
Bis(trimethylsilyl)chloromethane was prepared according to published 
procedures,[326] in an one-pot synthesis starting from dichloromethane and 
chlorotrimethylsilane. Bis(trimethylsilyl)chloromethane reacts further with 
Mg in THF to the Grignard compound, the resulting solution was added dropwise to a solution of 
phosphorus trichloride in diethyl ether.[327] Bis(trimethylsilyl)methyl-dichlorophosphine[328] 
reacts with triethylamine under HCl elimination[329,330] affording the product in ca. 83 % yield in 
the final step. b.p. = 45 °C/ 0.01 mbar. 
31P NMR (C6D6, 81 MHz ): δ[ppm] = 344.5. 
 
 
P-tert-Butylamino[bis(trimethylsilyl)methylene)phosphine [2] 
 
A solution of tbutylamine (1,8 g, 25 mmol) in pentane (10 mL) was 
added dropwise to a solution of 1 (5,6 g, 25 mmol) and triethylamine 
(2,6 g, 26 mmol) in pentane (50 mL) at – 40 °C. The solution was stirred 
for 1 day and then was filtered over Celite® 535 to remove the 
ammonium salt. The solvent was removed under reduced pressure and the product was obtained 
as an yellowish oil after fractional distillation in a ca. 60 % yield.[103] 
b.p. = 55 °C/ 0.01 mbar. 
31P NMR (C6D6, 81 MHz ): δ[ppm] = 308.1. 
 
 
P-Trimethylsilylamino[bis(trimethylsilyl)methylene)phosphine [3] 
 
A solution containing 5.6 g (25 mmol) of 1, 4 g (25 mmol) 
hexamethyldisilazane, 10 mL triethylamine and 40 mL 
dichloromethane was heated to reflux for 24 h. The obtained 
suspension was then filtered and the solvent removed under high vacuum. The product [9] was 
obtained after fractional distillation in a ca. 55% yield.[103] 
b.p. = 65 °C/ 0.01 mbar. 
31P NMR (C6D6, 81 MHz ): δ[ppm] = 322.3. 
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P-Adamantylamino[bis(trimethylsilyl)methylene)phosphine [4] 
 
A solution of 1 (224.5 mg, 1 mmol) in pentane (2 mL) was added 
dropwise to a solution of 1-adamantylamine (151.25 mg, 1 mmol) and 
triethylamine (151.5 mg, 1.5 mmol) in pentane (5 mL) at – 40 °C. The 
solution was stirred for 3 h and then was filtered over Celite® 535 to 
remove the ammonium salt. The solvent was removed under reduced 
pressure and the product was obtained as a white solid (288.3 mg, 85 % yield). 
m.p. = 100 °C. 
Found: C, 58.98; H, 10.22; N, 4.20; Calc. for C17H34NPSi2: C, 60.12; H, 10.09; N, 4.12 %. 
1H NMR (C6D6, 200 MHz ): δ[ppm] = 4.94 (d, 
2
JHP = 12.7 Hz, NH), 1.67 (br s, 3H, 3 CH, Ada), 
1.45 (br s, 6H, 3 CH2, Ada), 1.26 (br s, 6H, 3 CH2, Ada), 0.12 (d, 
4
JHP = 2.3 Hz, SiMe3), 0.10 (s, 
9H, SiMe3).  
13C NMR (C6D6, 50 MHz ): δ[ppm] = 134.4 (d, 
1
JCP = 72.2 Hz, CP), 53.2 (d, 
2
JCP = 8.8 Hz, C-P, 
Ada), 46.4 (d, 3JCP = 8.3 Hz, 3 CH2, Ada), 36.4 (s, 3 CH2, Ada), 30.2 (s, 3 CH, Ada), 3.3 (d, 
3
JCP 
= 8.1 Hz, SiMe3), 3.1 (d, 
3
JCP = 2.9 Hz, SiMe3). 
31P NMR (C6D6, 81 MHz ): δ[ppm] = 306.0. 
m/z (EI, 90 eV) 339 (M+, 12%), 208 ([AdaNPSi]+, 100), 324 ([M-CH3]
+, 25) etc. 
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To a solution of 2 (261 mg, 1 mmol) in THF (3 ml) LDA (0.6 ml of a 2 M 
THF/heptane/ethylbenzene solution, 1.2 eq.) was added at – 40°C. The reaction mixture was 
warmed to room temperature with magnetic stirring over 1 h. 31P NMR of the solution showed 
quantitative formation of 5 [31P NMR (C6D6, 81 MHz): δ = 402.5 ppm]. The resulted iPr2NH and 
the solvent were removed in vacuo and the residue was solved in 3 ml THF. The THF solution of 
5 was added dropwise to a solution of 1 (224.5 mg, 1 mmol) in 3 ml THF at – 40 °C. The solution 
was allowed to warm slowly to room temperature and after 20 minutes 31P NMR showed the 
formation of 8 [31P NMR (C6D6, 81 MHz): δ = 361.6 ppm]. The lithium salt was precipitated with 
pentane, removed by filtration over Celite® 535 and the solution was concentrated in vacuo 
followed by 31P NMR spectroscopic analysis: the signal corresponding to 8 is accompanied by an 
AX pattern [31P NMR (81 MHz, C6D6): δ = 352.5 ppm and 38.2 ppm, J = 106.4 Hz, 8-III]. After 
10 days at room temperature the 31P NMR shows the complete disappearing of the 8 with the 
increasing of the AX signals (8-III). Small traces of the oxide POP[331] [31P NMR (81 MHz, 
C6D6): δ = 353.3] are also seen in 
31P NMR spectra. 8-III: 
13C NMR (C6D6, 75 MHz ): δ[ppm] = 161.5 (d, 
1
JCP = 77.5 Hz, CP), 55.2 (d, 
2
JCP = 19.1 Hz, 
CCH3), 39.8 (d, 
1
JCP = 47.5 Hz, CP), 32.1 (d, 
3
JCP = 8.4 Hz, CCH3), 0-3 (SiMe3)  
31P NMR (C6D6, 121 MHz ): δ[ppm] = 352.5 (d, 
2
JPP = 106.4 Hz), 38.2 (dd, 
2
JPP = 106.4 Hz, 
2
JPH 
= 12.3 Hz). 
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To a solution of (Me3Si)2CPNHSiMe3 (322 mg, 1.16 mmol) in THF (5 ml) LDA (0.58 ml of a 2 
M THF/heptane/ethylbenzene solution, 1 equiv.) was added at – 40°C. The reaction mixture was 
warmed to room temperature with magnetic stirring over 1 h. 31P NMR of the solution showed 
quantitative formation of 6 [31P NMR (C6D6, 81 MHz): δ = 408.5 ppm]. The resulted iPr2NH and 
the solvent were removed in vacuo and the residue was solved in 5 ml THF. The THF solution of 
6 was added dropwise to a solution of 1 (261 mg, 1.16 mmol) in 5 ml THF at – 40 °C. The 
solution was allowed to warm slowly to room temperature and after 20 minutes 31P NMR showed 
the formation of 9 [31P NMR (C6D6, 81 MHz): δ = 362.9 ppm], 11
[7] [31P NMR (C6D6, 81 MHz): 
δ = - 118.9 ppm and – 161.8 ppm, J = 241 Hz], ratio about 2:1 (9:11). The lithium salt was 
precipitated with pentane, removed by filtration over Celite® 535 and the solvent was removed 
in vacuo. Within 4 days an increase of the amount of 11 is observed (the ratio of the two species 
in solution being 1:1).  
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To a solution of 4 (152 mg, 0.45 mmol) in THF (3 ml) LDA (0.6 ml of a 2 M 
THF/heptane/ethylbenzene solution, 1.2 eq.) was added at – 40°C. The reaction mixture was 
warmed to room temperature with magnetic stirring over 1 h. 31P NMR of the solution showed 
quantitative formation of 7 [31P NMR (C6D6, 81 MHz): δ = 402.9 ppm]. The resulted iPr2NH and 
the solvent were removed in vacuo and the residue was solved in 3 ml THF. The THF solution of 
7 was added dropwise to a solution of 1 (224.5 mg, 1 mmol) in 3 ml THF at – 40 °C. The solution 
was allowed to warm slowly to room temperature and after 20 minutes 31P NMR showed the 
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formation of 10 [31P NMR (C6D6, 81 MHz): δ = 361.6 ppm]. The lithium salt was precipitated 
with pentane, removed by filtration over Celite® 535 and the solution was concentrated in vacuo 
followed by 31P NMR spectroscopic analysis: the signal corresponding to 10 is accompanied by 
an AX pattern (δ = 351.3 ppm and 34.3 ppm, J = 107 Hz, 2JPH = 11.9 Hz, 10-III) and an AMX 
pattern (δ = 328.9 ppm, pst, 28 Hz, δ = -20.2 ppm, 1J = 176 Hz, 2J = 27 Hz, δ = -26.9 ppm, 1J = 
176 Hz, 2J = 31 Hz, 12). After 14 days at room temperature the 31P NMR shows the complete 
disappearance of 10 with the increasing of the AX signals. Small traces of the oxide POP[331] [31P 
NMR (C6D6, 81 MHz): δ = 353.3] are also observed in 
31P NMR spectra. 
 
 
(1-Adamantylamino)diphenylphosphine [18] 
 
1-N-Adamantylamine (0.76 g; 5 mmol) was added under vigorous 
stirring to a mixture of chlorodiphenylphosphine (1.1 g; 5 mmol) and 
triethylamine (0.76 g; 7.5 mmol) in 30 mL pentane at -40 °C. The 
mixture was warmed to room temperature and kept stirring for 2 hours. 
Then, the ammonium salt was filtered over Celite® 535, the solvent 
was removed in vacuo, and the product was obtained as a viscous 
colorless liquid which solidified at cold (1.6 g, 95 % yield). 
m.p. = 70 °C. 
Found: C, 78.33; H, 7.82; N, 4.29; Calc. for C22H26NP: C, 78.18; H, 7.81; N, 4.18 %. 
1H NMR (C6D6, 300 MHz): δ[ppm] = 7.10-7.58 (m, 10H, Ph), 1.92 (br s, 3H, Ada), 1.75 (br s, 
6H, Ada), 1.45 (br s, 6H, Ada). 
13C NMR (C6D6, 75 MHz): δ[ppm] = 144.5 (d, 
1
JCP = 13 Hz, ipso-C, Ph), 131.2 (d, 
3
JCP = 20.4 
Hz, m-C, Ph), 128.1 (d, 2JCP = 6.1 Hz, o-C, Ph), 128.3 (s, p-C, Ph), 51.0 (d, 
2
JCP = 18 Hz, C-P, 
Ada), 45.8 (d, 3JCP = 8.9 Hz, 3 CH2, Ada), 36.2 (s, 3 CH2, Ada), 30 (s, 3 CH, Ada). 
31P NMR (C6D6, 121.5 MHz): δ[ppm] = 18.8 (s). 
m/z (EI, 90 eV) 336 ([M+H]+, 28%), 335 (M+, 100), 135 ([Ada]+, 40) etc. 
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(tert-Butylamino)diphenylphosphine [19] 
 
t-Butylamine (6.8 g, 0.09 mol) was added dropwise to a solution of 
chlorodiphenylphosphine (10 g, 0.045 mol) in pentane (100 mL) at 
ambient temperature. The solution was stirred for 2 h and then the 
precipitate was filtered over Celite® 535. The solvent was removed under 
reduced pressure and the product was obtained as a colorless liquid, which 
solidified at cold. (9.3 g, 80 % yield).[171] 
1H NMR (C6D6, 300 MHz ): δ[ppm] = 7.00- 7.50 (m, 10H, Ph), 1.88 (d, 
2
JHP = 11.6 Hz, NH), 
1.17 (s, 9H, C(CH3)3). 
13C NMR (C6D6, 75 MHz ): δ[ppm] = 144.1 (d, 
1
JCP = 12.9 Hz, ipso-C, Ph), 131.1 (d, 
2
JCP = 20.4 
Hz, o-C, Ph), 128.1 (d, 3JCP = 6.2 Hz, m-C, Ph), 128.0 (s, p-C, Ph), 51.0 (d, 
2
JCP = 19.0 Hz, 
C(CH3)3), 32.0 (d, 
3
JCP =8.7 Hz, C(CH3)3). 
31P NMR (C6D6, 121 MHz ): δ[ppm] = 23.2. 
 
 
[2,6-Diisopropylphenyl)amino]diphenylphosphine [20] 
 
2,6-Di-ipropylaniline (4.6 g, 0.04 mol) was added dropwise to a 
solution of chlorodiphenylphosphine (3 g, 0.01 mol) in pentane (60 
mL) at 0 °C. The solution was stirred for 2 days and then the 
precipitate was filtered over Celite® 535. The solvent was removed 
under reduced pressure and the product was obtained as a white solid. 
(3.6 g, 95 % yield).  
1H NMR (CDCl3, 200 MHz ): δ[ppm] = 7.32-7.50 (m, 10H, Ph), 7.04 (s, 3H, Ph), 3.82 (d, 
2JHP = 
8.1 Hz, NH), 3.0 (m, 2H, CH(CH3)2), 1.06 (s, 6H, C(CH3)2), 1.04 (s, 6H, C(CH3)2). 
13C NMR (CDCl3, 50 MHz ): δ[ppm] = 142.5 (s, CCN), 142.4 (d, 
1
JCP = 19.1 Hz, ipso-C, Ph), 
139.7 (d, 2JCP = 12.6 Hz, CH, CN), 131.3 (d, 
2
JCP = 20.6 Hz, o-C, Ph), 128.8 (s, p-C, Ph), 128.3 
(d, 3JCP = 6.3 Hz, m-C, Ph), 122.7 (s, CCCN), 118.4 (s, CCCCN), 27.0 (d, 
5
JCP = 14.7 Hz, 
C(CH3)2), 23.8 (s, C(CH3)2). 
31P NMR (CDCl3, 81 MHz): δ[ppm] = 43.1. 
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[(2,4,6-Tri-tert-butylphenyl)amino]diphenylphosphine [21] 
 
A solution of (2,4,6-tri-tert-butylphenyl)amine (2.5 g, 9.56 mmol) 
in dry THF (15 mL) was reacted with 1 equivalent nBuLi (2,5 M 
in hexane) by dropwise addition at -40 °C and then stirred for cca 
1 h by ambient temperature. The anion solution was then added 
dropwise to a stirring solution of chlorodiphenylphosphine (2.1 g, 
9.56 mmol) in dry THF (20 mL) cooled at -40 °C. The yellow reaction mixture was warmed 
slowly to room temperature and stirred for 1 h, after this time the solvent was pumped off and the 
residue resolved in pentane. The precipitated LiCl was removed by filtration over Celite® 535. 
The product was obtained as a yellow solid after concentrating the pentane solution. (3.6 g, 85 % 
yield).[154] 
 
31P NMR (C6D6, 81 MHz ): δ[ppm] = 47.6. 
 
 
N-(Adamantylamino)diphenylphosphanyl[bis(trimethylsilyl)methylenephosphine] [26] 
 
A solution of 18 (1.1 g, 3.3 mmol) in dry THF (30 mL) was reacted 
with 1 eq. LDA (1.65 mL of a 2 M THF/heptane/ethylbenzene 
solution, 3.3 mmol) by dropwise addition at -40 °C. The reaction 
mixture was allowed to reach room temperature and after ca. 1h the 
31P NMR of the solution showed quantitative formation of the 
anion [31P NMR (C6D6, 81 MHz): δ = 45.33 ppm]. The resulting 
iPr2NH and the solvent were removed in vacuo. The residue was 
dissolved in dry THF (30 mL) and added dropwise to a stirring solution of 1 (1.07 g, 3.3 mmol) 
in dry THF (30 mL) cooled at -40 °C. The reaction mixture was warmed slowly to room 
temperature and stirred for 1 h, after this time the solvent was pumped off and the residue 
resolved in pentane. The precipitated LiCl was removed by filtration over Celite® 535 through a 
Schlenk frit. The product was obtained as yellow solid after concentrating the pentane solution. 
(1.6 g, 95 % yield). 
m.p. = 105 °C. 
Found: C, 65.8; H, 8.33; N, 2.85; Calc. for C29H43NP2Si2: C, 66.5; H, 8.27; N, 2.67 %. 
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1H NMR (C6D6, 400 MHz): δ[ppm] = 8.15-8.03 (m, CH, Ph), 7.58-7.36 (m, CH, Ph), 2.01-1.44 
(m, Ada), 0.40 (d, 4JHP = 1.9 Hz, SiMe3), 0.06 (s, SiMe3). 
13C NMR (C6D6, 100.6 MHz): δ[ppm] = 191.0 (d, 
1
JCP = 98.3 Hz, C=P), 140.3 (dd, 
1
JCP = 17.7 
Hz, 3JCP = 2.6 Hz, ipso-C, Ph), 135.2 (dd, 
1
JCP = 23.1 Hz,
 3
JCP = 4.5 Hz, o-C, Ph), 128.5 (s, p-C, 
Ph), 128.0 (d, 3JCP = 6.6 Hz, m-C, Ph), 60.6 (dd, 
2
JCP = 22.8 Hz, 
2
JCP = 2.4 Hz, C-P, Ada), 46.2 
(dd, 3JCP = 11.8 Hz, 
3
JCP = 3.5 Hz, 3 CH2, Ada), 36.6 (s, 3 CH2, Ada), 31.2 (d, 
4
JCP = 1.1 Hz, 3 
CH, Ada), 3.6 (d, 3JCP = 17.0 Hz, SiMe3), 2.9 (d, 
3
JCP = 3.0 Hz, SiMe3). 
31P NMR (C6D6, 121.5 MHz): δ[ppm] = 374.0 (d, 
2
JPP = 12.2 Hz, PC), 37.7 δ(d, 
2
JPP = 12.1 Hz, 
PPh2). 
29Si NMR (C6D6, 59.6 MHz): δ = -3.8 (d,
 2
JSiP = 41.7 Hz, SiMe3), -10.6 (d, 
2
JSiP = 10.6 Hz, 
SiMe3). 
m/z (EI, 90 eV) 523 ([M]+, 4%), 450 ([M-SiMe3]
+, 100), 335.2 ([AdaNPPh2]
+, 16), 135.1 ([Ada]+, 
16) etc 
IR(ATR): υ (cm-1) = 832 (s), 1028(m), 1050(m), 800 (m), 1245 (m), 2904 (m). 
 
 
N-(tButyl)diphenylphosphanyl[bis(trimethylsilyl)methylenephosphine] [27] 
 
A solution of 19 (256.5 mg, 1mmol) in dry THF (10 mL) was reacted 
with LDA (0.2 M THF/heptane/ethylbenzene solution, 1 eq.) by 
dropwise addition at -40 °C. The reaction mixture was allowed to 
reach room temperature and after ca. 1h the 31P NMR of the solution 
showed quantitative formation of the anion [31P NMR (C6D6, 81 
MHz): δ = 49.0 ppm]. The resulting iPr2NH and the solvent were removed in vacuo. The residue 
was dissolved in dry THF (10 mL) and added dropwise to a stirring solution of (Me3Si)2C =PCl 
(224.5 mg, 1 mmol) in dry THF (10 mL) cooled at -40 °C. The reaction mixture was warmed 
slowly to room temperature and stirred for 1 h, after this time the solvent was pumped off and the 
residue resolved in pentane. The precipitated LiCl was removed by filtration over Celite® 535. 
The product was obtained as brown oil after concentrating the pentane solution. (387 mg, 87 % 
yield). 
Found: C, 61.72; H, 8.01; N, 3.40; Calc. for C23H37NP2Si2: C, 61.99; H, 8.37; N, 3.14 %. 
1H NMR (C6D6, 300 MHz): δ = 7.80 - 7.02 (m, 10H, Ph), 1.5 (s, 9H, C(CH3)3), 0.2 (d, 9H, 
4
JHP = 
2.6 Hz, SiMe3), 0.0 (s, 9H, SiMe3). 
Me3Si
Me3Si
P
N P
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13C NMR (C6D6, 75.46 MHz): δ = 189.5 (d, 
1
JCP = 97.7 Hz, C=P), 140.0 (dd, 
1
JCP = 18.2 Hz, 
3
JCP 
= 2.6 Hz, ipso-C, Ph), 135.0 (dd, 2JCP = 23 Hz,
 4
JCP = 4.8 Hz, o-C, Ph), 128.6 (s, p-C, Ph), 128.1 
(d, 3JCP = 6.6 Hz, m-C, Ph), 59.4 (dd, 
2
JCP = 23 Hz, 
2
JCP = 0.8 Hz, C(CH3)3), 33.0 (dd, 
3
JCP =10.5 
Hz, 3JCP = 4.1 Hz, C(CH3)3), 3.6 (d, 
3
JCP = 16.8 Hz, SiMe3), 2.8 (d, 
3
JCP = 3.3 Hz, SiMe3). 
31P NMR (C6D6, 121.5 MHz ): δ[ppm] = 372.9 (d, 
2
JPP = 11.5 Hz, PC), 44.4 (d, 
2
JPP = 11.5 Hz, 
PPh2).  
29Si NMR (C6D6, 59.6 MHz): δ = -3.7 (d,
 2
JSiP = 41.7 Hz, SiMe3), -10.1 (d, 
2
JSiP = 10.6 Hz, 
SiMe3). 
m/z (EI, 90 eV) 445 (M+, 38%), 372 ([M- SiMe3]
+, 100), 316 ([M- SiMe3-tBu]
+, 40) etc. 
IR(ATR): υ (cm-1) = 829 (s), 1086 (m), 800 (m), 1246 (m), 2959 (m). 
 
 
N-(2,6-Diisopropylphenyl)diphenylphosphanyl[bis(trimethylsilyl)methylenephosphine] [28] 
 
SiMe3Me3Si
P
N P
Ph
iPr
Pri
N
H
P
iPr
iPr
Ph
Ph
1. nBuLi
THF
2. (Me3Si)2CPCl P C
SiMe3
SiMe3N
H
+
iPr
iPr
Ph
+ 20
 
20     28    30 
 
A solution of 20 (2.5 g, 7.44 mmol) in dry THF (10 mL) was reacted with 1 equivalent nBuLi 
(2,5 M in hexane) by dropwise addition at -40 °C. 31P NMR of the solution showed quantitative 
formation of the anion (31P NMR (81 MHz, C6D6): δ = 42.4 ppm). The anion solution was then 
added dropwise to a stirring solution of 1 (1.67 g, 7.44 mmol) in dry THF (20 mL) cooled at -40 
°C. The yellow reaction mixture was warmed slowly to room temperature and stirred for 1 h, 
after this time the solvent was pumped off and the residue resolved in pentane. The precipitated 
LiCl was removed by filtration over Celite® 535. The product was obtained as a yellow solid 
after concentrating the pentane solution. 
31P NMR (C6D6, 81 MHz): δ[ppm] = 335.8 (br s, PC), 58.8 (br s, PPh2), 42.9 (s)(20), 316.5 
(s)(30).  
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N-(2,4,6-Tri-tbutylphenyl)diphenylphosphanyl[bis(trimethylsilyl)methylenephosphine] [29] 
 
A solution of 21 (1.8 g, 4.05 mmol) in dry THF (10 mL) was reacted 
with 1 eq. LDA (2 ml of a 2 M THF/heptane/ethylbenzene solution) 
by dropwise addition at -40 °C. The reaction mixture was allowed to 
reach room temperature and after ca. 1h the 31P NMR from the 
reaction mixture showed quantitative formation of the anion [31P 
NMR (C6D6, 81 MHz): δ = 58.0 ppm]. The resulting iPr2NH and the solvent were removed in 
vacuo. The residue was dissolved in dry THF (15 mL) and added dropwise to a stirring solution 
of 1 (0.9 g, 4.05 mmol) in dry THF (10 mL) cooled at -40 °C. The reaction mixture was warmed 
slowly to room temperature and stirred for 1 h, after this time the solvent was pumped off and the 
residue resolved in pentane. The precipitated LiCl was removed by filtration over Celite® 535. 
The product was obtained as a yellowish solid after concentrating the pentane solution. (2.3 g, 90 
% yield). 
Found: C, 68.39; H, 9.00; N, 2.31; Calc. for C37H57NP2Si2: C, 70.10; H, 9.06; N, 2.21 %. 
1H NMR (C6D6, 300 MHz): δ[ppm] = 8.04 (m, 4H, Ph), 7.64 (s, 2H, Mes*), 6.95-7.15 (m, 6H, 
Ph), 1.65 (s, 18H, o-tBu, Mes*), 1.35 (s, 9H, p-tBu, Mes*), 0.62 (d, 9H, 4JHP = 3.5 Hz, SiMe3), 
0.0 (s, 9H, SiMe3).  
13C NMR (C6D6, 75.46 MHz ): δ[ppm] = 147.6 (d, 
3
JCP = 4.1 Hz, o-C, Mes*), 147.6 (s, p-C, 
Mes*), 143.1 (dd, 2JCP = 16.7 Hz,
 2
JCP = 9.9 Hz, ipso-C, Mes*), 139.9 (dd, 
1
JCP = 29.2 Hz,
 3
JCP = 
6.9 Hz, ipso-C, Ph), 135.3 (dd, 2JCP = 28.9 Hz,
 4
JCP = 8.3 Hz, o-C, Ph), 129.4 (s, p-C, Ph), 128.1 
(d, 3JCP = 9.3 Hz, m-C, Ph), 126.8 (d, 
4
JCP = 2.3 Hz, m-C, Mes*), 37.9 (d, 
3
JCP = 0.9 Hz, o-C, 
C(CH3)3, Mes*), 34.7 (t, N(1-3) = 5.2 Hz, N(1-2) = 2.6 Hz, o-C, C(CH3)3, Mes*), 34.5 (s, p-C, 
C(CH3)3, Mes*), 31.1 (s, p-C, C(CH3)3, Mes*), 5.0 (d, 
3
JCP = 20.3 Hz, SiMe3), 3.3 (d, 
3
JCP = 2.2 
Hz, SiMe3). 
31P NMR (C6D6, 121.5 MHz): δ[ppm] = 330.5 (d, 
2
JPP = 57.1 Hz, P =C, I = 7), 74.0 (d, 
2
JPP = 
57.1 Hz, PPh2, I = 13.5), 337.7 (d, 
2
JPP = 21.0 Hz, P =C, I = 1.5), 55.1 (d, 
2
JPP = 20.9 Hz, PPh2, I 
= 2.6). 
29Si NMR (C6D6, 59.6 MHz): δ = -0.96 (d,
 2
JSiP = 49.4 Hz, SiMe3), -11.74 (d, 
2
JSiP = 15.7 Hz, 
SiMe3). 
m/z (EI, 90 eV) 633([M]+, 44%), 618 ([M-CH3]
+, 35%), 576 ([M-tBu]+, 20), 448 ([M-PPh2]
+, 64), 
388 ([M- Mes*]+, 30), 73([SiMe3]
+, 100) etc. 
Me3Si
Me3Si
P
N P
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Reaction of 26 with Se  
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A solution of 26 (673 mg, 1.28 mmol) in CH2Cl2 (5 mL) was added dropwise to a suspension of 
grey Se (253 mg, 3.2 mmol) in CH2Cl2 (5 mL) at room temperature. After 3 h the 
31P NMR from 
the reaction mixture showed the formation of one product [31P NMR (CDCl3, 81 MHz): δ[ppm] 
= 350.4 (s), 45.7 (s, 1JPSe = 742.0 Hz, PPh2] [33] After this time the unreacted Se was filtered over 
Celite® 535 through a Schlenk frit and the solvent was evaporated at high vacuum affording an 
yellow solid.(733 mg, 95 % yield). After filtration the solid was solved in CDCl3 and analysed by 
31P NMR, the spectra shows that 10 % from the product decomposed to [31] and [35].[183] 
[33]  
Found: C, 57.79; H, 7.32; N, 2.45; Calc. for C29H43NP2SeSi2: C, 57.79; H, 7.19; N, 2.32 % 
1H NMR (CDCl3, 300 MHz): δ[ppm] = 7.90 (m, CH, Ph), 7.58 (m, CH, Ph), 7.24 (m, CH, Ph), 
2.46 (br s, 6H, 3 CH2, Ada), 1.86 (br s, 3H, 3 CH, Ada), 1.56 (m, 6H, 3 CH2, Ada), 0.37 (s, 
SiMe3), 0.04 (d, 
4
JHP = 3.0 Hz, SiMe3). 
13C NMR (CDCl3, 75 MHz): δ[ppm] = 183.4 (d, 
1
JCP = 101.8 Hz, 
3
JCP = 4.6 Hz, C =P), 135.9 
(dd, 1JCP = 87.4 Hz,
 3
JCP = 1.8 Hz, ipso-C, Ph), 133.8 (d, 
2
JCP = 10.9 Hz, 
4
JCP = 3.9 Hz, o-C, Ph), 
131.5 (d, 4JCP = 2.0 Hz, p-C, Ph), 128.1 (d, 
3
JCP = 12.9 Hz, m-C, Ph), 65.5 (br s, C-P, Ada), 44.2 
(pst, N(1-3) = 9.3, 3 CH2, Ada), 36.0 (s, 3 CH2, Ada), 30.1 (s, 3 CH, Ada), 3.4 (d, 
3
JCP = 3.4 Hz, 
SiMe3), 2.9 (d, 
3
JCP = 18.3 Hz, SiMe3). 
31P NMR (CDCl3, 121 MHz): δ[ppm] = 350.4 (s, PC), 45.7 (s, 
1
JPSe = 742.0 Hz, PPh2). 
29Si NMR (CDCl3, 59 MHz): δ = -4.4 (d,
 2
JPSi = 45.2 Hz, SiMe3), -10.3 (dd, 
2
JPSi = 9.7 Hz, 
SiMe3). 
m/z (EI, 90 eV) 415 ([Ph2PNAdaSe]
+, 10%), 369 ([M-Ph2Se]
 +, 36), 73([SiMe3]
+, 100) etc. 
 
[31]  
Found: C, 63.12; H, 6.11; N, 3.54; Calc. for C22H26NPSe: C, 63.77; H, 6.32; N, 3.38 % 
1H NMR (CDCl3, 300 MHz): δ[ppm] = 8.02- 7.94 (m, CH, Ph), 7.34 (m, CH, Ph), 2.10 (br s, 6H, 
3 CH2, Ada), 1.69 (br s, 3H, 3 CH, Ada), 1.64 (m, 6 H, 3 CH2, Ada). 
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13C NMR (CDCl3, 75.4 MHz): δ[ppm] = 136.0 (d, 
1
JCP = 92.0 Hz, ipso-C, Ph), 131.6 (d, 
2
JCP = 
11.5 Hz, o-C, Ph), 131.3 (d, 4JCP = 3.0 Hz, p-C, Ph), 128.1 (d, 
3
JCP = 12.9 Hz, m-C, Ph), 55.3 (d, 
2
JCP = 3.2 Hz, C-P, Ada), 44.4 (d, 
3
JCP = 4.6 Hz, 3 CH2, Ada), 35.9 (s, 3 CH2, Ada), 29.67 (s, 3 
CH, Ada). 
31P NMR (CDCl3, 121.5 MHz): δ[ppm] = 44.8 (s, 
1
JPSe = 752.1 Hz). 
77Se NMR (CDCl3, 57 MHz): δ[ppm] = - 185.6 (d, 
1
JPSe = 752.2 Hz). 
m/z (EI, 90 eV) 415 ([M]+, 100%), 334 ([M-Se]+, 50), etc. 
 
[35] 
31P NMR (C6D6, 121.5 MHz): δ[ppm] = 381.6 (s, 
1
JPSe = 280.2 Hz). 
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A solution of 27 (338 mg, 0.76 mmol) in CH2Cl2 (5 mL) was added dropwise to a suspension of 
grey Se (121 mg, 1.52 mmol) in CH2Cl2 (5 mL) at room temperature. After 3 h the 
31P NMR 
from the reaction mixture showed the formation of three products. After this time the unreacted 
Se was filtered over Celite® 535 through a Schlenk frit and the solvent was evaporated at high 
vacuum affording a yellow solid.  
[34]  
1H NMR (C6D6, 200 MHz): δ[ppm] = 8.08- 7.94 (m, CH, Ph), 7.32- 7.38 (m, CH, Ph), 1.50 (s, 9 
H, C(CH3)3), 0.28 (s, SiMe3), 0.00 (d, 
4
JHP = 3.0 Hz, SiMe3).  
13C NMR (C6D6, 75.4 MHz): δ[ppm] = 182.7 (d, 
1
JCP = 94.4 Hz, C =P), 135.4 (dd, 
1
JCP = 87.1 
Hz, 3JCP = 1.3 Hz, ipso-C, Ph), 133.6 (dd, 
2
JCP = 10.8 Hz, 
4
JCP = 3.4 Hz, o-C, Ph), 131.3 (d, 
4
JCP = 
3.00 Hz, p-C, Ph), 128.0 (d, 3JCP = 12.9 Hz, m-C, Ph), 62.3 (s, C(CH3)3), 32.3 (pst, N(1-3) = 4.7 
Hz, C(CH3)3), 3.3 (s, SiMe3), 3.2 (d, 
3
JCP = 22.2 Hz, SiMe3). 
31P NMR (C6D6, 121 MHz): δ[ppm] = 347.8 (s, P =C), 46.7 (s, 
1
JPSe = 753.1 Hz, PPh2). 
77Se NMR (C6D6, 57 MHz): δ[ppm] = - 211.1 (d, 
1
JPSe = 753.6 Hz). 
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[32] 
31P NMR (C6D6, 121 MHz): δ[ppm] = 48.2 (s, 
1
JPSe = 740.6 Hz). 
 
[35][183]  
31P NMR (C6D6, 121 MHz): δ[ppm] = 381.6 (s, 
1
JPSe = 280.2 Hz). 
 
 
Reaction of 26 with Pt(cod)Cl2 [36] 
 
A solution of 26 (770 mg, 1.47 mmol) in CH2Cl2 (20 mL) was added dropwise (2 hours) to a 
solution of Pt(COD)Cl2 (270 mg, 0.73 mmol) in CH2Cl2 (20 mL). The red solution was stirred for 
a further 2 h. The solution was concentrated to about 5 mL under reduced pressure, and the 
product was precipitated as an orange solid by addition of pentane (40 mL). After washing with 
pentane (50 mL) and drying in vacuo, an orange powder was obtained. 
31P NMR from the reaction mixture shows the formation of many products (AX patterns between 
15 and 80 ppm with Pt satellites).  
Found: C, 51.48; H, 6.99; N, 2.04; Cl, 5.63 Calc. for C58H86Cl2N2P4PtSi4: C, 53.03; H, 6.60; N, 
2.13; Cl, 5.40 %.  
31P NMR (CDCl3, 81 MHz): δ[ppm] = 71.3 (t, JPP = 21.0 Hz, JPPt = 2112.3 Hz), 69.2 (d, JPP = 
13.5 Hz), 62.3 (d, JPP = 9.6 Hz, JPPt = 3073.3 Hz), 60.2 (d, JPP = 45.0 Hz, JPPt = 3898.7 Hz), 50.4 
(d, JPP = 48.0 Hz, JPPt = 3811.2 Hz), 41.9 (t, JPP = 21.0 Hz, JPPt = 2940.0 Hz), 40.0 (d, JPP = 9.6 
Hz, JPPt = 2220.7 Hz), 35.0 (d, JPP = 13.0 Hz), 21.5 (d, JPP = 45.0 Hz, JPPt = 3238.8 Hz), 15.5 (d, 
JPP = 45.0 Hz, JPPt = 3436.0 Hz), 21.2 (s, JPPt = 3996.3 Hz), other small signals. 
 
[36a] 
Compound 36a crystallizes from CH2Cl2/pentane in form of 
orange crystals suitable for X-ray diffraction analysis. 
Trans/anti isomer: 31P NMR (CD2Cl2, 81 MHz): δ[ppm]  = 
71.3 (t, 2JPP  = 21.0, 
1
JPPt  = 2112.3 Hz), 41.9 (t, 
2
JPP = 21.0, 
1
JPPt = 2940.0 Hz)  
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[36b] 
Compound 36b crystallizes from CH2Cl2/MeCN in form of 
orange crystals suitable for X-ray diffraction analysis.  
Trans/syn isomer 
 
 
 
[36c] 
Compound 36c crystallizes from THF/pentane in form of 
orange crystals suitable for X-ray diffraction analysis. 
Cis/anti isomer 
 
 
 
 
Reaction of 26 with Pt(cod)Cl2 and AgOTf [37] 
 
A solution of 26 (300 mg, 0.57 mmol) in CH2Cl2 (5 
mL) was added dropwise to a suspension of 
Pt(cod)Cl2 (107 mg, 0.28 mmol) and AgOTf (176 mg, 
0.7 mmol) in CH2Cl2 (10 mL). The resulted 
suspension was stirred for a further 3 h. The 
precipitated was removed by filtration over Celite® 535 through a Schlenk frit. The resulted red 
solution was concentrated to about 5 mL under reduced pressure, by addition of pentane (20 mL) 
a red solid precipitated, this was separated from a yellow solution. From the yellow solution [37] 
crystallizes in form of yellow crystals suitable for X-ray diffraction analysis.  
31P NMR from the red solid shows signals between + 0 and + 100 ppm with Pt satellites. [31P 
NMR (CD2Cl2, 81 MHz): δ[ppm] =100.0 (d, 
2
JPP = 48.0 Hz, 
1
JPPt = 4194.0 Hz), 98 (br d, 
2
JPP = 
34.1 Hz, 1JPPt = 4245.0 Hz), 36.2 (s), 30.1 (s, JPPt = 3268.0 Hz)]. 
[37] 31P NMR (CD2Cl2, 162 MHz): δ[ppm]  = 339.2 (br s, PC), 44.6 (br s), 37.7 (br s), 33.6 (br s). 
19F NMR (CD2Cl2, 188 MHz): δ[ppm] = -78.2. 
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1:1 reaction of 27 with Pt(cod)Cl2 [38] 
 
A solution of 27 (254 mg, 0.57 mmol) in CH2Cl2 (10 mL) was added 
very slowly (5 h) to a solution of [Pt(cod)Cl2] (214 mg, 0.57 mmol) 
in CH2Cl2 (20 mL) at room temperature. Upon adding the ligand the 
reaction mixture turned orange and the mixture was allowed to stir 
for 4 h, during this time a yellow solid was formed. 31P NMR shows 
the formation of two isomers in a 3:1 ratio. The main isomer will be 
spectroscopic characterised. The product was isolated as a yellow solid by filtration from the 
dichloromethane solution. (377 mg, 55 % yield) 
m.p. = 220 °C (decomp) 
[38-major isomer] 
Found: C, 38.41; H, 4.87; N, 2.32; Cl, 12.12; Calc. for C40H56Cl2N2P4Pt2Si2 CH2Cl2: C, 38.15; 
H, 4.53; N, 2.17, Cl, 10.99 %. 
1H NMR (C6D6, 600 MHz): δ = 7.95 (m, 4H, Ph), 6.96 (m, 6H, Ph), 1.06 (s, 9H, tBu), 0.46 (d, 
9H, 4JHP = 2.1 Hz, SiMe3) 
13C NMR (C6D6, 150.9 MHz): δ = 132.8 (d, 
2
JCP = 12.4 Hz, o-C, Ph), 130.8 (d, 
4
JCP = 2.4 Hz, p-
C, Ph), 128.1 (d, 3JCP = 11.8 Hz, m-C, Ph), 58.8 (br s, C(CH3)3), 33.2 (br d, 
3
JCP = 10.7 Hz, 
C(CH3)3), 3.3 (d, 
3
JCP = 14.2 Hz, SiMe3). 
31P NMR (C6D6, 121.5 MHz ): δ[ppm] = 327.7 (d, 
2
JPP = 32.2, PC), 86.9 (d, 
2
JPP = 31.9, 
1
JPPt = 
5426.2, PPh2).  
[38-minor isomer] 
31P NMR (C6D6, 121.5 MHz ): δ[ppm] = 323.0 (d, 
2
JPP = 32.0, PC), 85.7 (d, 
2
JPP = 30.8, PPh2).  
 
[39] 
 
Several different attempts to crystallize compound 38 from different 
solvents lead to the formation of the compound 39 which crystallizes 
from CH2Cl2/MeCN in the form of pale yellow crystals suitable for X-
ray diffraction analysis. 
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2:1 reaction of 27with Pt(cod)Cl2  
 
A solution of 27 (515 mg, 1.2 mmol) in THF (10 mL) was added very slowly (3 h) to a solution 
of [Pt(cod)Cl2] (216 mg, 0.6 mmol) in THF (20 mL) at room temperature. Upon adding the 
ligand the reaction mixture turned orange- red and the mixture was allowed to stir for 2 h. 31P 
NMR from the reaction mixture shows the formation of many products (AX patterns between 0 
and 80 ppm and singlets by 22 ppm and 42 ppm with Pt satellites).  
31P NMR (CDCl3, 81 MHz): δ[ppm] = 64.2 (d, JPP = 7.5 Hz), 36.0 (d, JPP = 8.0 Hz), 63.9 (d, JPP 
= 17.4 Hz), 36.3 (d, JPP = 17.5 Hz), 58.5 (d, JPP = 11.4 Hz), 41.7 (d, JPP = 11.5 Hz), 57.8 (d, JPP = 
50.2 Hz), 42.4 (d, JPP = 49.8 Hz), 34.8 (d, JPP = 30.9 Hz), 11.7 (d, JPP = 30.9 Hz), 42.2 (s, 
1
JPPt = 
3010.1 Hz,), 22.3 (s, 1JPPt = 3990.3) + other small signals. 
 
[41a] 
Compound 41a crystallizes from CH2Cl2/MeCN in the form 
of orange crystals suitable for X-ray diffraction analysis. 
Trans/anti isomer 
 
 
 
[41c] 
Compound 41c crystallizes from CH2Cl2/MeCN (5 °C) in the 
form of orange crystals suitable for X-ray diffraction analysis. 
Cis/anti isomer 
 
 
 
[40``] 
Compound 40`` is a secondary product formed from 
Ph2PNHtBu and [Pt(cod)Cl2]. 
31P NMR shows the formation 
of two isomers but just the trans form [40``] crystallised 
from a CH2Cl2/pentane mixture as pale yellow crystals 
suitable for X-ray diffraction analysis. 
31P NMR (CDCl3, 81 MHz): δ[ppm] = 42.0 (s, 
1
JPPt = 3010 Hz, trans), 22.1 (s, 
1
JPPt = 3990, cis). 
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Reaction of (iPrMe2Si)2CPN(Ph)PPh2 with Pt(cod)Cl2 [42] [43]  
 
A solution of [(iPrMe2Si)2CPNPhPPh2]
[100] (243 mg, 0.46 mmol) in CH2Cl2 (8 mL) was added 
dropwise to a solution of Pt(cod)Cl2 (174 mg, 0.46 mmol) in CH2Cl2 (6 mL). The resulted 
orange- red solution was stirred for further 5 h. The solution was concentrated to about 5 mL 
under reduced pressure and by addition of pentane a yellow solid precipitated. 31P NMR from the 
reaction mixture shows: 
31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 64.1 (d, 
2
JPP = 36.4 Hz), 45.3 (d, 
2
JPP = 32.1 Hz), 22.7 (d, 
2
JPP = 35.9 Hz), 21.0 (s, 
1
JPPt = 3325.4 Hz), 16.3 (d, 
2
JPP = 32.1 Hz). 
31P NMR from the yellow solid shows the formation of compound [42]. 
[42] 
31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 21.0 (s, 
1
JPPt = 3325.4 Hz) 
 
 
 
[43a] 
Compound 43a crystallised from the mother liquid 
(CH2Cl2/pentane) in form of orange crystals suitable for 
X-ray diffraction analysis. Trans/anti isomer 
 
 
 
 
 
Reaction of 29 with Pt(cod)Cl2 [44] [45] 
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A solution of 29 (221 mg, 0.33 mmol) in CH2Cl2 (5 mL) was added dropwise to a solution of 
[Pt(cod)Cl2] (123 mg, 0.33 mmol) in CH2Cl2 (10 mL) at room temperature. During the addition 
of the ligand the reaction mixture turned yellow and the mixture was allowed to stir 4 h. After 4 h 
the 31P NMR from the reaction mixture showed the formation of two products in a 10:1 ratio 
(44:45). The volume of CH2Cl2 was reduced to 2 mL and the product was precipitated with 
pentane (30 mL). Filtration, washing with pentane (30 mL) and drying in vacuo afforded a pale 
yellow solid. (200 mg, 65 % yield). 
[44] 
Found: C, 53.16; H, 7.07; N, 1.76; Calc. for C45H69Cl2NP2PtSi2: C, 53.61; H, 6.90; N, 1.39 %. 
1H NMR (CD2Cl2, 200 MHz): δ[ppm] = 7.80-7.25 (m, 10H, Ph), 7.31 (s, 2H, Mes*), 5.53 (m, 
cod), 2.33 (m, cod), 1.32 (s, 9H, p-tBu, Mes*), 1.09 (s, 18H, o-tBu, Mes*), 0.71 (s, 9H, SiMe3), 
0.05 (s, 9H, SiMe3).  
13C NMR (CD2Cl2, 50.3 MHz ): δ[ppm] = 150.8 (m, C, Mes*), 148.4 (m, ipso-C, Ph), 137.2 (d, 
2
JCP = 12.3 Hz, o-C, Ph), 134.2 (d, 
4
JCP = 2.7 Hz, p-C, Ph), 129.1 (d, 
3
JCP = 12.6 Hz, m-C, Ph), 
129.0 (s, cod), 128.4 (br s, m-C, Mes*), 38.6 (s, o-C, C(CH3)3, Mes*), 35.0 (br s, o-C(CH3)3, 
Mes*), 31.3 (s, p-C(CH3)3, Mes*), 28.4 (s, CH2, cod), 6.6 (d, 
3
JCP = 7.6 Hz, SiMe3), 4.5 (d, 
3
JCP = 
5.5 Hz, SiMe3). 
31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 165.2 (d, 
2
JPP = 40.4 Hz, 
1
JPPt = 4501.3 Hz, PC), 45.7 (d, 
2
JPP = 40.4 Hz, 
1
JPPt = 3233.8 Hz, PPh2). 
m/z (EI, 90 eV) 971 ([M-Cl]+, 10%), 108 ([cod]+, 36), 57 ([tBu]+, 100), etc.  
 
[45] 
31P NMR (CD2Cl2, 81 MHz ): δ[ppm] = 329.7 (d, 
2
JPP = 36.7 Hz, P=C), 71.9 (d, 
2
JPP = 36.3 Hz, 
PPh2). 
 
 
1:1 reaction of 26 with Pd(cod)Cl2 [46] 
 
A solution of 26 (346 mg, 0.66 mmol) in CH2Cl2 (5 mL) was added dropwise (1.5 h) to a solution 
of [Pd(cod)Cl2] (188 mg, 0.66 mmol) in CH2Cl2 (15 mL) at room temperature. During the 
addition of the ligand the reaction mixture turned red and the solution was stirred for 2 h. The 
volume of CH2Cl2 was reduced to 5 mL and the product was precipitated with diethyl ether (30 
Experimental section            162 
mL). Filtration, washing with diethyl ether (30 mL) and drying in vacuo afforded the product as a 
sangria (burnt red) solid. (231 mg, 50 % yield) 
Found: C, 48.31; H, 6.14; N, 2.11. Calc. for C29H43Cl2NP2PdSi2: C, 49.68; H, 6.18; N, 
2.00 %. 
after ca. 2h 31P NMR (CDCl3, 81 MHz): δ[ppm] = 86.1 (d, 
2
JPP = 28.1 Hz, PC), 35.1 (d, 
2
JPP = 28.1 Hz, PPh2). 
1H NMR (CDCl3, 200 MHz): δ[ppm] = 8.16- 7.78 (m, CH, Ph), 7.54- 7.30 (m, CH, Ph), 1.91 (br 
s, 6H, 3 CH2, Ada), 1.71 (br s, 3H, 3 CH, Ada), 1.36 (m, 6H, 3 CH2, Ada), 0.38 (d, 
4
JHP = 22.8 
Hz, SiMe3), 0.37 (s, SiMe3) + other small signals. 
After ca. 1 d the same NMR sample was measured and the 31P NMR spectrum shows the 
formation of a second product in a 1:1 ratio, after 5 days the NMR spectrum indicates the total 
consumption of the AX pattern favorising the formation of the second compound.  
31P NMR (CDCl3, 81 MHz): δ[ppm] = 75.8 (d, 
2
JPP = 38.2 Hz, PC), 32.1 (d, 
2
JPP = 38.3 
Hz, PPh2)  
1H NMR (CDCl3, 200 MHz): δ[ppm] = 8.14- 7.91 (m, CH, Ph), 7.62- 7.46 (m, CH, Ph), 1.91- 
1.19 (m, Ada), 0.49 (d, 4JHP = 0.6 Hz, SiMe3), 0.08 (s, SiMe3). 
 
[48] 
 
Several different attempts to crystallize compound 46 from different 
solvents lead to the formation of the compound 48 which crystallizes after 
few days from CH2Cl2/pentane in the form of yellow crystals.  
Found: C, 47.87; H, 6.26; N, 2.19. Calc. for C26H37Cl2NOP2PdSi: C, 
48.27; H, 5.76; N, 2.17 %. 
31P NMR (CDCl3, 81 MHz): δ[ppm] = 63.7 (d, 
2
JPP = 38.2 Hz, PC), 32.1 (d, 
2
JPP = 38.3 Hz, 
PPh2) 
 
 
Reaction of 27 with Pd(cod)Cl2 [47]  
 
A solution of 27 (280 mg, 0.63 mmol) in CH2Cl2 (5 mL) was added dropwise (1 h) to a solution 
of [Pd(cod)Cl2] (180 mg, 0.63 mmol) in CH2Cl2 (15 mL) at room temperature. During the 
addition of the ligand the reaction mixture turned red and the solution was stirred 1 h. The 
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volume of CH2Cl2 was reduced to 5 mL and the product was precipitated with pentane (50 mL). 
Filtration, washing with n-pentane (2 × 10 mL) and drying in vacuo afforded the product as a red 
solid (235 mg, 60 % yield). 
after ca. 2 h 31P NMR (CDCl3, 81 MHz): δ[ppm] = 87.2 (d, 
2
JPP = 26.3 Hz, PC), 36.6 (d, 
2
JPP = 26.3 Hz, PPh2), 77.0 (d, 
2
JPP = 36.9 Hz, PC), 33.3 (d, 
2
JPP = 36.8 Hz, PPh2)- 2 products in a 
2:1 ratio.  
after ca. 10 d 31P NMR (CDCl3, 81 MHz): δ[ppm] = 77.0 (d, 
2
JPP = 36.8 Hz, PC), 33.3 
(d, 2JPP = 36.8 Hz, PPh2), and traces of an other product 70.6 (d, 
2
JPP = 36.4 Hz, PC), 34.0 (d, 
2
JPP 
= 36.7 Hz, PPh2) 
1H NMR (CDCl3, 200 MHz): δ[ppm] = 7.97 (m, CH, Ph), 7.53 (m, CH, Ph), 7.10 (s, CH, Ph) 
1.15 (s, 9H, C(CH3)3, d, 
4
JHP = 4.3 Hz), 0.39 (s, SiMe3), 0.00 (s, SiMe3)  
 
 
Reaction of 26 with Pd(cod)Cl2 and NH4PF6 [49] 
 
A solution of 26 (150 mg, 0.28 mmol) in 
CH2Cl2/CH3CN(2/2 mL) was added dropwise 
to a suspension of [Pd(cod)Cl2] (80 mg, 0.28 
mmol) and NH4PF6 (91 mg, 0.56 mmol) in 
CH3CN (5 mL) at room temperature. The 
resulted suspension was allowed to stir for 2 h.  
31P NMR from the reaction mixture showed the formation of at least one product.  
31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 82.9 (br s), 73.6 (br d), 32.3 (br d), 29.6 (br d),     
-143.6 (PF6)  
From CD2Cl2/CH3CN 49 crystallizes in the form of yellow crystals suitable for X-ray diffraction 
analysis. 
 
 
2:1 reaction of 26 with Pd(cod)Cl2  
 
A solution of PN(Ada)P (650 mg, 1.24 mmol) in CH2Cl2 (15 mL) was added dropwise to a 
solution of [Pd(cod)Cl2] (177 mg, 0.62 mmol) in CH2Cl2 (15 mL) at room temperature. During 
the addition of the ligand the reaction mixture turned red and the solution was stirred for 4 h. The 
volume of CH2Cl2 was reduced to 5 mL and the product was precipitated with pentane (50 mL). 
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Filtration, washing with pentane (70 mL) and drying in vacuo afforded the product as a red solid 
(223 mg, 65 % yield). 
Found: C, 47.30; H, 5.66; N, 1.99. Calc. for C58H86Cl2N2P4PdSi4: C, 56.87; H, 7.08; N, 2.29 %. 
Found: C, 47.30; H, 5.66; N, 1.99. Calc. for C58H86Cl2N2P4PdSi4 4CH2Cl2: C, 47.59; H, 6.06; N, 
1.79 %. 
1H NMR (CD2Cl2, 200 MHz): δ[ppm] = 8.25-7.25 (m, CH, Ph), 2.00-1.20 (m, Ada), 0.50 (s, 
SiMe3), 0.45 (s, SiMe3), 0.06 (s, SiMe3), 0.00 (s, SiMe3). 
31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 85.8 (d, 
2
JPP = 27.0 Hz, PC), 34.3 (d, 
2
JPP = 27.1 Hz, 
PPh2). 
m/z (EI) 335 ([Ph2PNPPd]
+, 54%), 183 ([PNPPd]+, 65), 135 ([Ada]+, 68) etc. 
 
[50] 
Several different attempts to crystallize the product from 
different solvents lead to the formation of the compound 50 
which crystallizes finally from CH2Cl2/pentane in the form of 
red crystals suitable for X-ray diffraction analysis. 
 
 
 
 
Reaction of 26 with Ni(PPh3)2Cl2 [51] 
 
A solution of 26 (457 mg, 0.87 mmol) in CH2Cl2 (8 mL) was added 
dropwise to a suspension of [Ni(PPh3)2Cl2] (569 mg, 0.87 mmol) in 
CH2Cl2 (10 mL) at room temperature. During the addition of the ligand 
the reaction mixture turned cherry red and the starting Ni complex 
dissolved. After 1h the volume of CH2Cl2 was reduced to 5 mL and the product was precipitated 
with pentane (40 mL). Filtration, washing with pentane (20 mL) and drying in vacuo afforded the 
product as a red solid. (420 mg, 70 % yield). 
Found: C, 46.54; H, 5.94; N, 1.79; Calc. for C29H44Cl3NNiP2Si2 CH2Cl2: C, 46.51; H, 5.98; N, 
1.81 %. 
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1H NMR (CD2Cl2, 300 MHz): δ[ppm] = 7.29-8.38 (m, CH, Ph), 2.16 (d, 
2
JHP = 27.2 Hz, CHP) 
2.05 (br s, 6H, 3 CH2, Ada), 1.66 (m, 3H, 3 CH, Ada), 1.19 (br s, 6H, 3 CH2, Ada), 0.73 (d, 
4
JCP = 
0.6 Hz, SiMe3), 0.39 (s, SiMe3). 
13C NMR (CD2Cl2, 75 MHz): δ[ppm] = 135.4 (d, 
2
JCP = 12.6 Hz,
 
o-C, Ph), 134.7 (d, 2JCP = 11.1 
Hz, o-C, Ph), 133.7 (d, 4JCP = 2.8 Hz, p-C, Ph), 133.2 (d, 
4
JCP = 3.6 Hz,
  p-C, Ph), 129.3 (d, 3JCP = 
12.2 Hz, m-C, Ph), 128.7 (d, 3JCP = 12.4 Hz, m-C, Ph), 69.4 (d, 
2
JCP = 5.5 Hz, C-P, Ada), 44.0 (t, 
3
JCP = 2.6 Hz, 6 CH2, Ada), 30.3 (s, 6 CH, Ada), 30.1 (s, 6 CH2, Ada), 4.3 (d, 
3
JCP = 6.5 Hz, 
SiMe3), 3.9 (d, 
3
JCP = 3.1 Hz, SiMe3). 
31P NMR (CD2Cl2, 121.5 MHz): δ[ppm] = 95.0 (d, 
2
JPP = 187.7 Hz, PC), 41.4 (d, 
2
JPP = 187.6 
Hz, PPh2). 
 
 
Reaction of 27 with Ni(PPh3)2Cl2 [52] 
 
A solution of 27 (569 mg, 1.28 mmol) in CH2Cl2 (5 mL) was 
added dropwise to a suspension of [Ni(PPh3)2Cl2] (837 mg, 1.28 
mmol) in CH2Cl2 (50 mL) at room temperature. During addition of 
the ligand the color changes to violet. After 3 days the 31P NMR 
from the reaction mixture showed the formation of the product and 
also the released triphenylphosphine. (δ = -4.5 ppm) 
31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 94.1 (d, 
2
JPP = 183.3 Hz, PC), 41.6 (d, 
2
JPP = 183.1 Hz, 
PPh2), - 4.5 (s, PPh3) 
 
 
Reaction of 27 with Ni(PPh3)2(CO)2 [53] 
 
A solution of 27 (267 mg, 0.6 mmol) in CH2Cl2 (10 mL) was 
added dropwise to a solution of [Ni(PPh3)2(CO)2] (384 mg, 0.6 
mmol) in CH2Cl2 (10 mL) at room temperature. During addition 
of the ligand the color changes to orange. After 2 h the 31P NMR 
from the reaction mixture showed the formation of the product, 
the released triphenylphosphine and also unreacted [Ni(PPh3)2(CO)2]. The product was isolated 
as an orange solid after concentration of the CH2Cl2 solution, addition of pentane and filtration. 
(218 mg, 65 % yield) 
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31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 108.3 (d, 
2
JPP = 4.3 Hz, PC), 26.3 (d, 
2
JPP = 4.5 Hz, 
PPh2), 33.3 (s), - 4.5 (s, PPh3). 
m/z (EI, 90 eV) 765 ([M-CO]+, 2%), 503 ([M-CO-PPh3]
+, 10), 262 ([PPh3]
+, 100) etc. 
 
 
[54] 
Compound 54 crystallizes from CH2Cl2/pentane/CD2Cl2 in the 
form of red crystals suitable for X-ray diffraction analysis. 
31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 97.7 (br s, PC), 36.9 (br 
d, 2JPP = 4.7 Hz,), 35.9 (br d, 
2
JPP = 4.3 Hz). 
 
 
 
1:1 reaction of 26 with Au(tht)Cl [55] 
 
A solution of 26 (159 mg, 0.30 mmol) in CH2Cl2 (5 mL) was added 
dropwise to asolution of [Au(tht)Cl] (96.2 mg, 0.30 mmol) in 
CH2Cl2 (5 mL) at room temperature. During addition of the ligand 
the color changes to yellow. After 2 h the solvent was removed in 
vacuo taking away the released tetrahydro-thiophene, affording the product as a yellow solid. 
(170 mg, 75 % yield)  
Found: C, 45.86; H, 5.81; N, 2.45; Cl, 4.68 Calc. for C29H43AuClNP2Si2: C, 46.06; H, 5.73; N, 
1.85; Cl, 4.69 %. 
1H NMR (CD2Cl2, 200 MHz): δ[ppm] = 7.37- 8.27 (m, 10H, Ph), 2.26 (br s, 6H, 3 CH2, Ada), 
2.06 (br s, 3H, 3 CH, Ada), 1.58 (br s, 6H, 3 CH2, Ada), 0.34 (d, 
4JCP = 3.1 Hz, SiMe3), 0.26 (s, 
SiMe3). 
13C NMR (CD2Cl2, 50 MHz): δ[ppm] = 132.5 (d, 
1
JCP = 62 Hz,
 CP), 132.9 (br s, p-C, Ph), 132.0 
(d, 3JCP = 9.4 Hz, m-C, Ph), 128.9 (d, 
2
JCP = 12.5 Hz, o-C, Ph,), 63.9 (t, JCP = 7.7 Hz, C-P, Ada), 
45.0 (t, JCP = 8.6 Hz, 3 CH2, Ada), 36.1 (s, 3 CH2, Ada), 30.9 (s, 3 CH, Ada), 3.1 (d, 
3
JCP = 3.0 
Hz, SiMe3), 2.6 (d, 
3
JCP = 17.5 Hz, SiMe3). 
31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 335.6 (d, 
2JPP = 37.1 Hz, PC), 48.8 (d, 
2JPP = 37.0 Hz, 
PPh2). 
m/z (EI, 90 eV) 335 ([Ph2PNAda]
+, 100%), 278 ([PNAuCl]+, 84), etc. 
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1:1 reaction of 27 with Au(tht)Cl [56] 
 
A solution of 27 (158 mg, 0.35 mmol) in CH2Cl2 (3 mL) was added 
dropwise to a solution of [Au(tht)Cl] (112.2 mg, 0.35 mmol) in 
CH2Cl2 (3 mL) at room temperature. During addition of the ligand the 
color changes to yellow. After 2 h the solvent was removed in vacuo 
taking away the released tetrahydro-thiophene, affording the product as a yellow solid. (218 mg, 
92 % yield).  
Found: C, 41.78; H, 5.39; N, 2.85; Cl, 4.71 Calc. for C23H37AuClNP2Si2: C, 40.74; H, 5.50; N, 
2.07; Cl, 5.23 %. 
1H NMR (CD2Cl2, 200 MHz): δ[ppm] = 7.77- 7.24 (m, 10H, Ph), 1.23 (s, 9H, C(CH3)3), 0.14 (d, 
4JCP = 3.1 Hz, SiMe3), 0.00 (s, SiMe3). 
13C NMR (CD2Cl2, 50 MHz): δ[ppm] = 131. 8 (br s, p-C, Ph), 131.8 (d, 
3
JCP = 9.3 Hz, m-C, Ph), 
128.6 (d, 2JCP = 12.5 Hz, o-C, Ph), 32.3 (dd, 
3
JCP = 8.8, 
3
JCP = 4.9, C(CH3)3), 2.8 (d, 
3
JCP = 3.6 
Hz, SiMe3), 2.5 (d, 
3JCP = 17.2 Hz, SiMe3). 
31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 331.4 (d, 
2
JPP = 43.5 Hz, PC), 49.3 (d, 
2
JPP = 43.6 Hz, 
PPh2). 
m/z (EI, 90 eV) 275 ([CPAuCl]+, 100%), 417 ([Ph2PAuCl]
+, 20), 518 ([PNPAuCl]+, 15) etc. 
 
 
Reaction of 26 with 2 eq Au(tht)Cl [57] 
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A solution of 26 (295 mg, 0.56 mmol) in CH2Cl2 (5 mL) was added dropwise to a solution 
of [Au(tht)Cl] (362 mg, 1.12 mmol) in CH2Cl2 (10 mL) at room temperature. During addition of 
the ligand the color changes to yellow. After 2 h the 31P NMR from the reaction mixture showed 
the formation of one product [31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 219.4 (br s), 62.0 (d, 
2
JPP = 
6.6 Hz]. After that the solvent was removed in vacuo taking away the released 
tetrahydrothiophene, affording a yellow solid. The 31P NMR from the yellow solid shows the 
appearance of another two species. 
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31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 218.1 (d, 
2
JPP = 7.1 Hz, I = 5.5), 61.6 (d, 
2
JPP = 7.9 Hz, I 
= 13.5), 128.4 (dd, J12 = 24.3 Hz, J13 = 90.7 Hz, I = 0.6), 121.5 (dd, J12 = 24.3, J13 = 106.9 Hz, I = 
0.7), 115.0 (d, J12 = 82.6 Hz, I = 2.4), 56.6 (d, JPP = 106.9 Hz, I = 1.2), 52.9 (d, JPP = 82.6 Hz, I = 
2.1), 48.0 (d, JPP = 90.5 Hz, I = 2.1). 
 
 
Reaction of 26 with Rh(CO)Cl(PPh3)2 [59] 
 
The complex 59 can be synthesized in several methods: 
a) A solution of 26 (263 mg, 0.5 mmol) in CH2Cl2 (10 mL) was added 
dropwise to a suspension of [Rh(PPh3)2COCl] (172.5 mg, 0.25 
mmol) in CH2Cl2 (15 mL) at room temperature. Upon adding the 
ligand the reaction mixture turned (deep) orange- red and the mixture 
was allowed to stir for 5 days, during this time a yellow- orange solid 
was formed. The volume of CH2Cl2 was reduced to 5 mL and the product was precipitated with 
pentane (50 mL). Filtration, washing with pentane (50 mL) and drying in vacuo afforded the 
product as an orange solid (360 mg, 70 % yield). The resulting triphenylphosphine can also be 
seen in 31P NMR (δ = -4.5 ppm) from the reaction mixture. 
b) A solution of 26 (174 mg, 0.33 mmol) in CH2Cl2 (5 mL) was added dropwise to a solution of 
[Rh(PPh3)3Cl] (305 mg, 0.33 mmol) in CH2Cl2 (5 mL) at room temperature. The reaction 
mixture was allowed to stir for 4 h, 31P NMR shows the formation of 62 and then CO gas was 
bubbled to the reaction mixture for 5 min until an orange precipitate [59] was formed.  
c) A solution of 26 (210 mg, 0.4 mmol) in CH2Cl2 (5 mL) was added dropwise to a solution of 
[Rh(CO)2Cl]2 (39 mg, 0.1 mmol) in CH2Cl2 (2 mL) at room temperature. During the addition of 
the ligand the reaction mixture turned orange-red and the mixture was allowed to stir 8 days until 
the 31P NMR showed the complete formation of 65. 
Found: C, 59.48; H, 6.58; N, 2.69; Calc. for C51H68ClN2P4RhSi2: C, 59.61; H, 6.67; N, 2.73 %. 
1H NMR (CDCl3, 600 MHz): δ = 8.26 (m, Ph), 7.81 (m, Ph), 7.58 (m, Ph), 1.32- 1.90 (m, Ada), 
0.13 (s, 9H, SiMe3) 
13C NMR (CDCl3, 150.9 MHz): δ = 136.5 (br s, ipso-C, 2C, Ph), 135.8 (t, J = 48.8, outer lines, 
ipso-C, 2C, Ph), 135.4 (t, J = 15.7, outer lines, o-C, 2C, Ph), 130.2 (s, p-C, 2C, Ph), 129.7 (s, p-C, 
2C, Ph), 127.7 (t, 3 lines, J = 11.7, outer lines, m-C, 8C, Ph), 127.1 (t, JCP = 10.8 Hz, outer lines, 
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m-C, 4C, Ph), 61.1 (s, CP, Ada), 51.4 (t, JCP =185.2 Hz, outer lines, CP), 43.1 (s, 6 CH2, Ada), 
35.9 (s, 6 CH2, Ada), 29.7 (s, 6 CH, Ada), 4.94 (t, 
3
JCP = 11.7 Hz, SiMe3). 
31P NMR (CDCl3, 162 MHz): δ[ppm] = 40.6 (dt, 
1
JPRh = 40.3, 
2
JPP = 8.0 Hz, PC), 28.8 (dt, 
1
JPRh 
= 93.0, 2JPP = 8.0 Hz, PPh2). 
m/z (EI, 90 eV) 990([M- Cl]+, 2%), 802 ([M- PCClSiMe3]
+, 10), 335 ([Ph2PNAdal]
+, 100) etc. 
 
 
Reaction of 27 with Rh(CO)Cl(PPh3)2 [60] 
 
A solution of 27 (545 mg, 1.22 mmol) in CH2Cl2 (5 mL) was added 
dropwise to a suspension of [Rh(PPh3)2COCl] (421 mg, 0.61 mmol) 
in CH2Cl2 (15 mL) at room temperature. During the addition of the 
ligand the reaction mixture turned red (deep orange) and the mixture 
was allowed to stir 5 days until the 31P NMR from the reaction 
mixture showed the formation of the product. The volume of CH2Cl2 
was reduced to 5 mL and the product was precipitated with pentane (50 mL). Filtration, washing 
with pentane (50 mL) and drying in vacuo afforded the product as an orange solid (796 mg, 75 % 
yield). The resulting triphenylphosphine could also be seen in 31P NMR from the reaction 
mixture. 
Found: C, 51.65; H, 6.36; N, 3.03; Calc. for C39H56ClN2P4RhSi2: C, 53.76; H, 6.48; N, 3.22 %. 
1H NMR (CDCl3, 600 MHz): δ = 8.30 (m, Ph), 7.48 (m, Ph), 1.20 (s, 18H, C(CH3)3), 0.20 (s, 
18H, SiMe3). 
13C NMR (CDCl3, 150 MHz): δ = 135.1 (m, o-C, 8C, Ph), 131.2 (t, 
1
JCP = 21.5 Hz, ipso -C, 4C, 
Ph), 130.3 (s, p-C, 2C, Ph), 129.8 (s, p-C, 2C, Ph), 127.8 (t, 3JCP = 5.8 Hz, m-C, 4C, Ph), 127.3 (t, 
3
JCP = 5.4 Hz, m-C, 4C, Ph), 60.0 (s, 2C, C(CH3)3), 51.4 (pst, JCP =185.5 Hz, outer lines, CP), 
31.2 (s, 6C, C (CH3)3), 4.5 (pst, JCP = 16.8 Hz, SiMe3), 2.8 (d, 
3
JCP = 10.3 Hz, outer lines, SiMe3). 
31P NMR (CDCl3, 162 MHz ): δ[ppm] = 43.6 (dt, 
1
JPRh = 40.3, 
2
JPP = 8.2 Hz, PC), 29.3 (dt, 
1
JPRh 
= 93.0, 2JPP = 8.2 Hz, PPh2) 
m/z (EI, 90 eV) 870 (M+, 4%), 646 ([M- PCClSiMe3]
+, 42), 200 ([PPRhCl]+, 100) etc. 
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Reaction of 58 with Rh(CO)Cl(PPh3)2 [61] 
 
A solution of [(iPrMe2Si)2CPNPhPPh2]
[11]  (230 mg, 0.44 mmol) in 
CH2Cl2 (5 mL) was added dropwise to a suspension of 
[Rh(CO)Cl(PPh3)2] (152 mg, 0.22 mmol) in CH2Cl2 (10 mL) at 
room temperature. Upon adding the ligand the reaction mixture 
turned red and the mixture was allowed to stir for 4 days, during 
this time an orange solid was formed. The volume of CH2Cl2 was 
reduced to 5 mL and the product was precipitated with pentane (30 mL). Filtration, washing with 
pentane (30 mL) and drying in vacuo afforded the product as an orange solid (303 mg, 71 % 
yield). The resulting triphenylphosphine could also be seen in 31P NMR from the reaction mixture 
(δ = -4.5 ppm). 
1H NMR (CD2Cl2, 400 MHz): δ = 8.32- 6.95 (m, Ph), 0.89 (s, iPr), 0.87 (s, iPr), 0.77 (s, iPr), 
0.76 (s, iPr), - 0.35 (s, CH3, SiMe2iPr), - 0.50 (s, CH3, SiMe2iPr). 
13C NMR (CD2Cl2, 100.6 MHz): δ = 146.9 (br s, Ph), 137.1 [t, N(1-3) = 17.7 Hz, Ph], 133.8 [t, J 
= 6.4 Hz, Ph], 132.5 (br s, Ph), 132.5 (d, J = 17.0 Hz, Ph), 132.3 (t, J = 4.0 Hz, Ph), 130.3 (s, Ph), 
128.9 (s, Ph), 128.7 (t, J = 6.0 Hz, Ph), 128.2 (t, J = 5.0 Hz, Ph), 123.3 (s, Ph), 122.2 (s, Ph), 18.9 
(s, CH3, iPr), 18.6 (t, JCP = 8.4 Hz, CH3, iPr), 15.8 (s, CH, iPr), 13.46 (s, CH, iPr), - 1.0 (s, CH3, 
SiMe2iPr), - 3.0 (t, JCP = 18.7 Hz CH3, SiMe2iPr).
 
31P NMR (CD2Cl2, 162 MHz ): δ[ppm] = 39.2 (dt, 
1
JPRh = 37.4, 
2
JPP = 4.8 Hz, PC), 34.5 (dt, 
1
JPRh 
= 99.5, 2JPP = 4.8 Hz, PPh2). 
 
 
Reaction of 26 with RhCl(PPh3)3 [62] 
 
A solution of 26 (383 mg, 0.73 mmol) in CH2Cl2 (5 mL) was added 
dropwise to a solution of [Rh(PPh3)3Cl] (675 mg, 0.73 mmol) in 
CH2Cl2 (5 mL) at room temperature. The reaction mixture was allowed 
to stir 4 h. The volume of CH2Cl2 was reduced to 5 mL and the product 
was precipitated with pentane (50 mL). Filtration, washing with pentane (30 mL) and drying in 
vacuo afforded the product as an orange solid (593 mg, 88 % yield). The resulting 
triphenylphosphine was also seen in 31P NMR from the reaction mixture (δ = -4.5 ppm). 
Found: C, 60.35; H, 6.34; N, 1.58; Calc. for C47H58ClNP3RhSi2: C, 61.07; H, 6.32; N, 1.52 %. 
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1H NMR (CD2Cl2, 200 MHz): δ = 7.40- 7.02 (m, Ph), 1.88- 1.24 (m, Ada), 0.09 (s, 9H, SiMe3), 
0.05 (s, 9H, SiMe3). 
13C NMR (CD2Cl2, 50.3 MHz): δ = 135.0 (d, 
2
JCP = 10.4 Hz, o-C, Ph), 132.3 (d,
 2
JCP = 9.5, o-C, 
Ph), 129.5 (d, 4JCP = 2.0, p-C, Ph), 128.9 (d, 
3
JCP = 12.1, m-C, Ph), 127.7 (d, 9.6, m-C, Ph), 43.1 
(m, 6 CH2, Ada), 36.4 (s, 6 CH2, Ada), 30.5 (s, 6 CH, Ada), 5.8 (br s, SiMe3).  
31P NMR (CD2Cl2, 81 MHz ): δ[ppm] = 129.4 (br s, PC), 30.6 (ddd, J15 = 135.6, J13 = 38.4, J12 = 
19.2 Hz, PPh2), 28.2 (br dd, J13 = 124.0, J12 = 38.4, PPh3). 
m/z (EI 90 eV) 262 ([Ph3P]
+, 100%), 183 ([RhClPN]+, 90), 108 ([PPh]+, 36) etc. 
 
 
Reaction of 27 with RhCl(PPh3)3 [56] 
 
A solution of 27 (322 mg, 0.72 mmol) in CH2Cl2 (5 mL) was added 
dropwise to a solution of [Rh(PPh3)3Cl] (666 mg, 0.72 mmol) in 
CH2Cl2 (5 mL) at room temperature. The reaction mixture was 
allowed to stir 3 h. The volume of CH2Cl2 was reduced to 5 mL and 
the product was precipitated with pentane (50 mL). Filtration, washing 
with pentane (30 mL) and drying in vacuo afforded the product as an orange- red solid (518 mg, 
85 % yield). The resulting triphenylphosphine could also be seen in 31P NMR from the reaction 
mixture (δ = -4.5 ppm). 
Found: C, 58.58; H, 6.19; N, 1.88; Calc. for C41H52ClNP3RhSi2: C, 58.19; H, 6.19; N, 1.66 %. 
13C NMR (CD2Cl2, 50.3 MHz): δ = 135.2-127.7 (CH, Ph), 30.3 (dd, 
3
JCP = 7.4 Hz, 
3
JCP = 4.0 Hz, 
5.7 (br s, SiMe3).  
31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 135.1 (br s, PC), 30.4 (ddd, J15 = 136.5, J13 = 39.2, J12 = 
19.1 Hz, PPh2), 29.12 (dd, J13 = 123.6, J12 = 40.1, PPh3). 
m/z (EI, 90 eV) 475 ([PNPRhClPPh3]
+, 18%), 262 ([Ph3P]
+, 100), 183 ([RhClPN]+, 78), 108 
([PPh]+, 36) etc. 
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Reaction of 26 with Rh(CO)2Cl dimer [64] 
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Methode A. 
A solution of 26 (295 mg, 0.56 mmol) in CH2Cl2 (5 mL) was added dropwise to a solution 
of [Rh(CO)2Cl]2 (109 mg, 0.28 mmol) in CH2Cl2 (17 mL) at room temperature. During the 
addition of the ligand the reaction mixture turned orange-red and the mixture was allowed to stir 
1 h. The volume of CH2Cl2 was reduced to 5 mL and the product was precipitated with pentane 
(30 mL). Filtration, washing with pentane (30 mL) and drying in vacuo afforded the product as a 
terracotta solid (300 mg, 78 % yield).  
The product is stable just in presence of CO, after the loss of the CO the dimer is formed. 
Methode B. 
CO gas was bubbled through a suspension of 66 in CH2Cl2 for 5 min, 
31P NMR from the 
reaction mixture shows the formation of 64, but after the isolation 57 is formed. 
[64]  
m.p. = 175 °C (decomp).  
Found: C, 51.35; H, 6.66; N, 1.98; Cl, 4.59; Calc. for C30H44ClNOP2RhSi2: C, 52.21; H, 6.28; 
N, 2.03; Cl, 5.14 %. 
1H NMR (CDCl3, 200 MHz): δ = 7.97-7.17 (m, 10H, Ph), 1.83-1.26 (m, Ada), 0.22 (d, 9H, 
4
JHP = 
1.9 Hz, SiMe3), - 0.12 (s, 9H, SiMe3). 
13C NMR (CDCl3, 50.3 MHz): δ = 135.7 (d, JCP = 64.9 Hz), 134.1 (d, 
2
JCP = 12.6 Hz,
 
o-C, Ph), 
133.0 (br d, 2JCP = 12.9 Hz,
 
o-C, Ph), 132.2 (d, 4JCP = 2.8 Hz,
 
p-C, Ph), 132.0 (d, 3JCP = 9.9 Hz,
 
m-
C, Ph), 128.7 (d, 4JCP = 3.6 Hz,
 
p-C, Ph), 128.3 (d, 3JCP = 10.3 Hz, m-C, Ph), 60.8 (t, N(1-3) = 
23.4 Hz, CP, Ada), 42.7 (dd, 3JCP =7.2 Hz, 
3
JCP = 4.4 Hz, 6 CH2, Ada), 35.8 (s, 6 CH2, Ada), 29.8 
(s, 6 CH, Ada), 6.0 (d, 
3
JCP = 11.4 Hz, SiMe3), 4.7 (s, SiMe3). 
31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 157.4 (dd, 
1
JPRh = 27.1, 
2
JPP = 5.9 Hz, PC), 16.7 (dd, 
1
JPRh = 91.9, 
2
JPP = 5.9 Hz, PPh2) 
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m/z (EI) 553 ([M-Ada]+, 50%), 147 ([PNRh]+, 80), 135 ([Ada]+, 100) etc. 
 
[66] 
31P-NMR (CD2Cl2, 81 MHz): 114.2 (d, 
1
JPRh = 35.6, PC), 112.4 (d, 
1
JPRh = 35.7, PC), 29.7 (d, 
1
JPRh = 123.8, PPh2), 27.0(d, 
1
JPRh = 124.3, PPh2). 
 
 
Reaction of 27 with Rh(CO)2Cl dimer [65] 
 
A solution of 27 (393 mg, 0.88 mmol) in CH2Cl2 (5 mL) was added 
dropwise to a solution of [Rh(CO)2Cl]2 (171 mg, 0.44 mmol) in 
CH2Cl2 (10 mL) at room temperature. During the addition of the ligand 
the reaction mixture turned red and the mixture was allowed to stir 3 h. 
The volume of CH2Cl2 was reduced to 5 mL and the product was precipitated with pentane (30 
mL). Filtration, washing with pentane (30 mL) and drying in vacuo afforded the product as an 
orange-brown solid (313 mg, 58 % yield).  
m.p. = 210 °C (decomp.) 
Found: C, 45.48; H, 5.83; N, 2.65; Cl, 7.31; Calc. for C24H37ClNOP2RhSi2: C, 47.10; H, 6.09; 
N, 2.29; Cl, 5.78%. 
1H NMR (CD2Cl2, 200 MHz): δ = 7.31- 8.04 (m, 10H, Ph), 1.16 (s, 9H, C(CH3)3), 0.34 (d, 9H, 
4
JHP = 2.0 Hz, SiMe3), 0.00 (s, 9H, SiMe3). 
13C NMR (CD2Cl2, 50.3 MHz): δ = 134.3 (d, 
2
JCP = 12.4 Hz, o-C, Ph), 133.7 (d, 
2
JCP = 10.6 Hz, 
o-C, Ph), 132.7 (br s, p-C, Ph), 129.1 (d, 3JCP = 12.6 Hz, m-C, Ph), 30.2 (dd, 
3
JCP =7.7 Hz, 
3
JCP = 
4.7 Hz, C(CH3)3), 6.0 (d, 
3
JCP = 11.5 Hz, SiMe3), 4.7 (d, 
3
JCP = 1.4 Hz, SiMe3). 
31P NMR (CD2Cl2, 81 MHz ): δ[ppm] = 157.9 (dd, 
1
JPRh = 27.0, 
2
JPP = 5.6 Hz, PC), 17.6 (dd, 
1
JPRh = 91.3, 
2
JPP = 5.6 Hz, PPh2). 
m/z (EI) 475 ([M-RhCl]+, 20%), 646 ([M- PCClSiMe3]
+, 42), 147 ([PNRh]+, 50) etc. 
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1:1 reaction of 26 with Rh(cod)Cl dimer [68] 
 
A solution of 26 (180 mg, 0.34 mmol) in CH2Cl2 (5 mL) was added 
dropwise to a solution of [Rh(cod)Cl]2 (168mg, 0.34 mmol) in CH2Cl2 
(5 mL) at room temperature. During the addition of the ligand the 
reaction mixture turned orange-red and the mixture was allowed to stir 2 
h. The volume of CH2Cl2 was reduced to 5 mL and the product was 
precipitated with pentane (30 mL). Filtration, washing with pentane (30 
mL) and drying in vacuo afforded the product as a yellow solid (140 mg, 45 % yield). Traces of 
[70] are observed in the 31P NMR spectrum. 
1H NMR (CDCl3, 200 MHz): δ = 8.30- 7.24 (m, 10H, Ph), 4.11 (br d, cod), 2.48- 1.17 (Ada+ 
cod), 0.27 (d, 9H, 4JHP = 2.2 Hz, SiMe3), 0.14 (s, 9H, SiMe3). 
31P NMR (CDCl3, 81 MHz): 
[70] δ[ppm] = 48.2 (d, 1JPRh = 153.9). 
 
 
Reaction of 27 with Rh(cod)Cl dimer [69] 
 
A solution of 27 (574 mg, 1.3 mmol) in CH2Cl2 (5 mL) was added 
dropwise to a solution of [Rh(cod)Cl]2 (640 mg, 1.3 mmol) in CH2Cl2 
(10 mL) at room temperature. During the addition of the ligand the 
reaction mixture turned red and the mixture was allowed to stir 30 min. 
The volume of CH2Cl2 was reduced to 5 mL and the product was 
precipitated with pentane (30 mL). Filtration, washing with pentane (30 
mL) and drying in vacuo afforded the product as an orange solid (518 mg, 48 % yield). [71] was 
also formed as a side product from this reaction, was crystallizes from CH2Cl2/pentane and 
spectroscopic characterized. 
 
[69] 
m.p. = 205 °C (decomp) 
Found: C, 45.08; H, 6.08; N, 1.80; Calc. for C31H45Cl2NP2Rh2Si2: C, 45.05; H, 5.49; N, 1.69%. 
1H NMR (CD2Cl2, 400 MHz): δ = 8.26 (m, 2H, Ph), 7.85 (m, 2H, Ph), 7.46 (m, 2H, Ph), 4.15 (br 
s, 4H, cod), 2.38 (m, 4H, cod), 1.73 (m, 4H, cod), 1.12 (s, 9H, C(CH3)3), 0.32 (d, 9H, 
4
JHP = 2.2 
Hz, SiMe3), 0.21 (s, 9H, SiMe3). 
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13C NMR (CD2Cl2, 100.6 MHz): δ = 135.2 (d, 
1
JCP = 60.8 Hz, ipso-C, Ph), 135.1 (d, 
2
JCP = 11.6 
Hz, o-C, Ph), 134.8 (d, 2JCP = 12.1 Hz, o-C, Ph), 131.4 (d, 
4
JCP = 3.2 Hz, p-C, Ph), 131.2 (d, 
4
JCP 
= 2.8 Hz, p-C, Ph), 128.1 (d, 3JCP = 12.1 Hz, m-C, Ph), 128.0 (d, 
3
JCP = 11.6 Hz, m-C, Ph), 78.9 
(m, CH, cod), 58.9 (m, C(CH3)3), 31.2 (CH2, cod), 30.3 (dd, 
3
JCP = 8.3 Hz, 
3
JCP = 4.2 Hz, 
C(CH3)3), 5.6 (d, 
3
JCP = 12.1 Hz, SiMe3), 4.7 (d, 
3
JCP = 1.3 Hz, SiMe3). 
31P NMR (CD2Cl2, 81 MHz): δ[ppm] = 117.6 (d, 
1
JPRh = 36.1, PC), 26.9 (d, 
1
JPRh = 124.3, PPh2). 
m/z (EI) 475 ([Ph2PNRh2Cl2]
+, 100%), 340 ([RhClPCSiMe3]
+, 30), 207 ([Rhcod]+, 10) etc. 
 
[71] 
1H NMR (CDCl3, 200 MHz): δ = 7.92 (m, Ph), 7.38 (m, Ph), 5.40 (br s, cod), 
4.29 (d, 2JHP = 11.6, NH), 2.64 (br s, cod), 1.98 (m, cod), 0.87 (s, 9H, 
C(CH3)3). 
13C NMR (CDCl3, 50.3 MHz): δ = 134.1 (d, 
1
JCP = 45.7 Hz, ipso-C, Ph), 
133.4 (d, 2JCP = 12.2 Hz, o-C, Ph), 130.2 (d, 
4
JCP = 2.1 Hz, p-C, Ph), 127.9 
(d, 3JCP = 9.9 Hz, m-C, Ph), 102.7 (d, J = 7.1, CH, cod), 102.5 (d, J = 7.1, CH, cod), 71.7 (d, J = 
14.1, CH, cod), 53.3 (d, 2JCP = 14.0 Hz, C(CH3)3), 32, 5 (d, J = 2.7, CH2, cod), 31.7 (d, 
3
JCP = 4.3 
Hz, C(CH3)3), 28.6 (d, J = 1.4 Hz, CH2, cod). 
31P NMR (CDCl3, 81 MHz): δ[ppm] = 48.8 (d, 
1
JPRh = 153.2). 
 
 
2:1 reaction of 26 with Rh(cod)Cl dimer  
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A solution of 26 (453 mg, 0.86 mmol) in CH2Cl2 (5 mL) was added dropwise to a solution of 
[Rh(cod)Cl]2 (212 mg, 0.43 mmol) in CH2Cl2 (7 mL) at room temperature. During the addition 
of the ligand the reaction mixture turned red and an orange solid was formed. After 1 h the 31P 
NMR from the reaction mixture showed the formation of three products in a 1:1:1 ratio. 
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[66] was isolated as an orange solid by filtration of the reaction mixture.  
Found: C, 52.46; H, 6.50; N, 2.16; Calc. for C58H86Cl2N2P4Rh2Si4: C, 52.60; H, 6.55; N, 2.12 
%. 
1H NMR (C6D6, 200 MHz): δ = 8.59-7.74 (m, Ph), 6.96 (m, Ph), 1.85 (m, Ada), 1.27 (br s, Ada), 
0.59 (d, 3JCP = 2.0 Hz, SiMe3), 0.47 (s, SiMe3), 0.38 (s, SiMe3) 0.28 (s, SiMe3). 
13C NMR (C6D6, 50.3 MHz): δ = 135.5-134.6 (o-C, 8C, Ph), 131.1 (p-C, 4C, Ph), 128.2 (m-C, 
8C, Ph), 59.4 (s, CP, Ada), ), 43.2 (m, 6 CH2, Ada), 36.2 (s, 6 CH2, Ada), 30.2 (s, 6 CH, Ada), 6.0 
(d, 4JCP = 11.8 Hz, SiMe3), 5.9 (d, 
4
JCP = 12.0 Hz, SiMe3), 5.2 (d, 
4
JCP = 1.2 Hz, SiMe3), 5.0 (d, 
4
JCP = 1.2 Hz, SiMe3). 
31P NMR (C6D6, 81 MHz): 113.8 (d, 
1
JPRh = 35.5, PC), 111.7 (d, 
1
JPRh = 35.9, PC), 31.7 (d, 
1
JPRh 
= 124.7, PPh2), 27.6 (d, 
1
JPRh = 124.8, PPh2). 
m/z (EI, 90 eV) 147 ([Ph2NPAdaRh]
+, 4), 335 ([Ph2PNAda]
+, 20), 135 ([Ada]+, 40) etc. 
 
[68] 
31P NMR (CDCl3, 81 MHz): δ[ppm] = 112.3 (d, 
1
JPRh = 36.5, PC), 27.0 (d, 
1
JPRh = 124.5, PPh2). 
 
[70] 
31P NMR (CDCl3, 81 MHz): δ[ppm] = 48.2 (d, 
1
JPRh = 153.8).  
 
 
[72] 
Several different attempts to crystallize compound 66 from 
different solvents lead to the formation of the paramagnetic 
compound 72 which crystallizes after few days from C6D6 in the 
form of red crystals suitable for X-ray diffraction analysis. 
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2:1 reaction of 27 with [Rh(cod)Cl]2  
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A solution of 27 (500 mg, 1.12 mmol) in CH2Cl2 (5 mL) was added dropwise to a solution of 
[Rh(cod)Cl]2 (276 mg, 0.56 mmol) in CH2Cl2 (7 mL) at room temperature. During the addition 
of the ligand the reaction mixture turned red and a red solid was formed. After 3 h the 31P NMR 
from the reaction mixture showed the formation of three products: 67 as main product and 69 and 
71 as side products in a 1:0.2:0.5 ratio. 
31P NMR (C6D6, 81 MHz):  
[67] δ[ppm] = 116.1 (d, 1JPRh = 35.6, PC), 114.3 (d, 
1
JPRh = 35.8, PC), 30.0 (d, 
1
JPRh = 123.6, 
PPh2), 27.1 (d, 
1
JPRh = 124.4, PPh2). 
[69] δ[ppm] = 117.4 (d, 1JPRh = 36.2, PC), 26.7(d, 
1
JPRh = 124.3, PPh2). 
[71] δ[ppm] = 49.3 (d, 1JPRh = 153.8). 
The volume of CH2Cl2 was reduced to 5 mL and the product was precipitated with 
pentane (30 mL). Filtration, washing with pentane (30 mL) and drying in vacuo afforded the 
product as an orange-red solid. (720 mg, 55 % yield). 
[67] 
m.p. = 255 °C (decomp). 
Found: C, 47.10; H, 6.39; N, 2.56; Cl, 7.31; Calc. for C46H74Cl2N2P4Rh2Si4: C, 47.30; H, 6.39; 
N, 2.40 %. 
m/z (EI, 90 eV) 475 ([Ph2PNRh2Cl2]
+, 100%), 339 ([RhClPCSiMe3]
+, 25) etc. 
Due to the insolubility, the compound could not be studied by NMR techniques. 
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Reaction of 26 with [Rh(cod)Cl]2 in CH2Cl2/MeCN 
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A solution of 26 (150 mg, 0.28 mmol) in CH2Cl2 (3 mL) was added dropwise to a solution of 
[Rh(cod)Cl]2 (69 mg, 0.14 mmol) in MeCN (3 mL) at room temperature. During the addition of 
the ligand the reaction mixture turned red and an orange solid was formed. After 15 min the 31P 
NMR from the reaction mixture showed the formation of 73 but after drying at high vacuum the 
31P NMR spectrum shows the formation of 66. 
[73] δ[ppm] = 118.8 (d, 1JPRh = 33.5, PC), 24.7 (d, 
1
JPRh = 119.0, PPh2). 
 
 
General procedure for transfer hydrogenation of acetophenone 
 
Acetophenone (240 mg, 2 mmol, 0.2 M) was added to the catalyst solution (0.02 mmol, 0.5 
mol%) in isopropanol (9 mL) at room temperature. The solution was heated to 82 °C and a 
solution of iPrONa (10 mol%) in isopropanol (1 mL) was added. Approximately 0.1mL probes 
were regularly taken and filtered through the short silica gel column using diethyl ether as a 
solvent. The reaction progress was monitored via gas chromatography (GC). 
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7 Appendix  
 
7.1 Abbreviations 
 
b.p.  boiling point 
ca.  circa 
Calc.   Calculated 
EI   Electron ionization 
iPr   Isopropyl 
tBu   tert-Butyl 
h   Hour 
eq.   Equivalent 
δ   Chemical shift 
∆δ  chemical shift difference 
cod  1,5-Cyclooctadiene 
Å  Ångstrom 
°C  degrees Celsius 
et al   and collaborators 
e.g.  example given 
g  gram  
IR  infrared  
Hz   hertz  
n
J
AB  
coupling constant over n bonds 
between A and B nuclei 
m   multiplet (medium IR)  
mbar   millibar  
min   Minute 
ml   milliliter  
mm   millimeter  
mmol   millimol  
m.p.   melting point 
m/z   mass per charge  
M   metal 
[M]
+   molecular ion  
Me   Methyl 
Mes* supermesityl, 2,4,6-Tri-tert-
butylphenyl 
MeCN  Acetonitrile 
NMR nuclear magnetic resonance 
OTf   Triflate 
Ph   phenyl  
iPr   iso-propyl  
ppm  parts per million 
s   singlet (strong IR)  
t   triplet  
THF   tetrahydrofurane  
tht  tetrahydrothiophene 
TMS  tetramethylsilane 
vs   very strong (IR)  
w  weak (IR)  
Z number of molecules per unit cell  
%  per cent  
ps  pseudo 
vide infra see below 
vide supra see above 
Dipp  2,6-diisopropylphenyl 
bipy  2,2`-bipyridyl 
HOMO  highest occupied molecular orbital 
LUMO lowest unoccupied molecular 
orbital
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7.2 List of numbered compounds 
 
 
P C
SiMe3
SiMe3
Cl
1
P
N
Me3Si
Me3Si R
H
  2: R = tBu
  3: R = SiMe3
  4: R = 1-Ada
30: R = Dipp
P
N
Me3Si
Me3Si R
Li
5: R = tBu 
6: R = SiMe3
7: R = 1-Ada
 
 
 
P
P
N
SiMe3
SiMe3
Me3Si
SiMe3
R
C
C
PP
SiMe3
Me3Si
Me3Si
SiMe3
11
P
P
P
N
R
Me3Si
SiMe3
SiMe3
SiMe3Me3Si  8: R = tBu 
  9: R = SiMe3
10: R = 1-Ada 12: R = 1-Ada
13: R = tBu  
 
P NH
Ph
Ph
R
18: R = 1-Ada
19: R = tBu 
20: R = Dipp
21: R = Mes*
P
N
P
RMe2Si
RMe2Si Ph
Ph
R`
26: R = Me; R = 1-Ada
27: R = Me; R = tBu
28: R = Me; R = Dipp
29: R = Me; R = Mes*
58: R = iPr; R = Ph
R
N
H P
Ph
Ph
Se
 31: R = 1-Ada
 32: R = tBu
 
 
 
PP
N
Ph
Ph
RMe3Si
Me3Si
Se
P P
Se
SiMe3
SiMe3Me3Si
Me3Si
35 33: R = 1-Ada
 34: R = tBu
P N
P
Pt
C
Ph
Ph
tBu
Me3Si
Cl NCCH3
39
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36: M = Pt; R = Me; R` = 1-Ada
41: M = Pt; R = Me; R `= tBu
43: M = Pt; R = iPr; R` = Ph
50: M = Pd; R = Me; R` = 1-Ada
P
PN
RMe2Si
RMe2Si
R`
Cl
M
P P
N
R`
SiMe2R
SiMe2R
Ph
Ph
Ph
Ph Cl
P
P
N
PhPh
Ada
Me3Si
SiMe3
Ag
P
P
N
Ph
Ph Ada
SiMe3
SiMe3
OTf
37
 
 
 
P
N
P Pt
C
Ph
Ph
tBu
SiMe3
Cl
Cl
P
N
PPt
Ph
Ph
tBu
Me3Si
38
P PPt
Ph
tBuNH
Ph
NHtBu
Ph
Ph
Cl
Cl
40``
Pt
Cl
PP
Ph
Ph
NHPh
Ph
Ph
PhHN
Cl
42
 
 
Me3Si
Me3Si
P
N
P
Ph
Ph
Mes*
Pt
2 Cl P
N
P Pt
C
Ph
Ph
Mes*
SiMe3
Cl
Cl
P
N
PPt
Ph
Ph
Mes*
Me3Si
44
45
2+
-
[(Me3Si)2C=P-N(R)-PPh2]PdCl2
46:  R = 1-Ada
47:  R = tBu
 
 
PP
N
Ph
Ph
Ada
Me3Si
Pd
Cl Cl
HO
48
Me3Si
P
N
P
Ph Ph
Ada
Pd
Pd
Pd
Pd
SiMe3
P
N
P
PhPh
Ada
Cl
ClCl
Cl
Cl
Cl
49  
Appendix             198 
51: R = 1-Ada
52: R = tBu
Ni
PP
N
Ph
Ph
R
Me3Si
Me3Si
Cl
Cl Cl
Me3Si
Me3Si
P
N
P
tBu
Ni
CO
OC
53
Me3Si
Me3Si
P
N
P
tBu
Ni
PPh3OC
54
Ph
Ph
Ph
Ph
 
 
 
PP
N
Ph
Ph
RMe3Si
Me3Si
Au
Cl
55: R = 1-Ada
56: R = tBu
PP
N
Ph
Ph
AdaMe3Si
Me3Si
Au
Cl
Au
Cl
57
P
N
P
Rh
P
N
P
Cl
Ph
Ph
R`
R`
RMe2Si
RMe2Si
Ph
Ph
59: R = Me; R` = 1-Ada
60: R = Me; R` = tBu
61: R=  iPr; R` = Ph  
 
 
62: R = 1-Ada
63: R = tBu
P
N
P
Me3Si
Me3Si
Ph
Ph
R
Rh
Ph3P Cl
64: R = 1-Ada
65: R = tBu
P
N
P
Me3Si
Me3Si Ph
Ph
R
Rh
OC Cl
P
N
P
SiMe3Me3Si
Ph
Ph
R Rh
Cl
Cl P
N
P
Me3Si SiMe3
PhPh
RRh
66: R = 1-Ada
67: R = tBu  
 
 
68: R = 1-Ada
69: R = tBu
R
N
H
P
Ph
Ph
Rh
Cl
70: R = 1-Ada
71: R = tBu
Me3Si
Me3Si
P
N
P
Ph
Ph
R
Rh
ClCl
Rh
P
N
P
SiMe3Me3Si
Ph
Ph
Ada Rh
Cl
Cl P
N
P
Me3Si SiMe3
PhPh
AdaRh
(D)H
H(D)
72
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P
N
P
Me3Si
Me3Si Ph
Ph
Ada
Rh
ClH3CCN
73  
 
 
7.3 Crystallographic data 
 
 18 26 27 
Identification code 
Empirical formula 
Formula weight 
Crystal system 
Space group 
Crystal size [mm] 
a [Å] 
b [Å] 
c [Å] 
Volume [Å3] 
α [°] 
β [°] 
γ [°] 
Z 
Density (calc.) [g/cm-3] 
µ [mm-1] 
Temperature [K] 
Wavelength [Å] 
Theta range [°] 
Reflections colected 
Independent reflections 
R1 with I0>2σ(I0) 
wR2 
GoF 
Largest diff. peak and hole [e/Å3] 
dl219 
C22H26NP 
335.41 
Triclinic 
P-1 
0.10x0.09x0.07 
7.5097(3) 
11.1582(5) 
12.2429(5) 
898.99(7) 
101.028(3) 
105.671(3) 
107.589(4) 
2 
1.239 
0.155 
100(2) 
0.71073 
2.27 to 26.37 
21740 
3675 
0.0328 
0.0603 
0.875 
0.289/-0.306 
dl121 
C29H43NP2Si2 
523.76 
Triclinic 
P-1 
0.30x0.22x0.14 
9.4948(3) 
9.8633(3) 
17.3860(9) 
1445.37(10) 
97.679(5) 
92.253(5) 
115.697(5) 
2 
1.203 
0.252 
173(2) 
0.71073 
2.56 to 32.69 
56535 
9596 
0.0343 
0.0868 
1.030 
0.450/-0.310 
dl215 
C23H37NP2Si2 
445.66 
Triclinic 
P-1 
0.16x0.14x0.11 
9.9254(3) 
10.0539(3) 
14.7695(2) 
1296.27(6) 
72.1408(19) 
80.7656(17) 
67.700(3) 
2 
1.142 
0.270 
100(2) 
0.71073 
3.01 to 26.73 
24433 
5465 
0.0301 
0.0753 
0.954 
0.458/-0.219 
 
Appendix             200 
 28 29 36a x n-pentane 
Identification code 
Empirical formula 
Formula weight 
Crystal system 
Space group 
Crystal size [mm] 
a [Å] 
b [Å] 
c [Å] 
Volume [Å3] 
α [°] 
β [°] 
γ [°] 
Z 
Density (calc.) [g/cm-3] 
µ [mm-1] 
Temperature [K] 
Wavelength [Å] 
Theta range [°] 
Reflections colected 
Independent reflections 
R1 with I0>2σ(I0) 
wR2 
GoF 
Largest diff. peak and hole [e/Å3] 
dl187 
C31H45NP2Si2 
549.80 
Monoclinic 
P21/n 
0.18x0.15x0.15 
8.6563(2) 
18.6668(2) 
20.1109(4) 
3216.74(10) 
90 
98.159(2) 
90 
4 
1.135 
2.075 
100(2) 
1.54184 
3.25 to 75.96 
36226 
6595 
0.0339 
0.0926 
1.044 
0.336/-0.299 
dl217 
C37H57NP2Si2 
633.96 
Orthorhombic 
P212121 
0.27x0.23x0.22 
11.2381(2) 
15.7876(2) 
21.0360(2) 
3732.26(9) 
90 
90 
90 
4 
1.128 
0.206 
100(2) 
0.71073 
2.22 to 27.48 
74796 
8472 
0.0254 
0.0698 
1.033 
0.277/-0.166 
dl152 
C31.50H49ClNP2Pt0.50Si2 
692.83 
Triclinic 
P-1 
0.14x0.13x0.12 
10.9127(4) 
11.8789(2) 
15.0134(4) 
1650.39(8) 
72.309(2) 
73.318(2) 
64.881(2) 
2 
1.394 
2.415 
100(2) 
0.71073 
2.76 to 31.00 
61581 
10421 
0.0275 
0.0604 
1.022 
1.580/-1.208 
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 36b 36c 39 x CH2Cl2 
Identification code 
Empirical formula 
Formula weight 
Crystal system 
Space group 
Crystal size [mm] 
a [Å] 
b [Å] 
c [Å] 
Volume [Å3] 
α [°] 
β [°] 
γ [°] 
Z 
Density (calc.) [g/cm-3] 
µ [mm-1] 
Temperature [K] 
Wavelength [Å] 
Theta range [°] 
Reflections colected 
Independent reflections 
R1 with I0>2σ(I0) 
wR2 
GoF 
Largest diff. peak and hole [e/Å3] 
dl128 
C58H86Cl2N2P4PtSi4 
1313.52 
Triclinic 
P-1 
0.18x0.17x0.11 
10.9401(4) 
13.6899(4) 
20.7460(4) 
3036.51(15) 
92.4558(18) 
95.1482(18) 
100.567(2) 
2 
1.437 
2.621 
100(2) 
0.71073 
2.56 to 30.51 
84991 
18445 
0.0222 
0.0451 
0.962 
1.977/-0.730 
dl122 
C58H86Cl2N2P4PtSi4 
1313.52 
Monoclinic 
P21/n 
0.28x0.16x0.16 
15.3141(4) 
17.9388(4) 
22.0327(6) 
6052.5(3) 
90 
90.556(2) 
90 
4 
1.441 
2.630 
100(2) 
0.71073 
2.55 to 30.03 
94667 
17484 
0.0362 
0.0835 
0.934 
1.646/-0.868 
dl123 
C23H33Cl3N2P2PtSi 
728.98 
Triclinic 
P-1 
0.13x0.13x0.10 
9.7176(4) 
11.7135(3) 
13.8095(6) 
1399.13(9) 
67.863(3) 
89.420(3) 
74.926(3) 
2 
1.730 
5.473 
100(2) 
0.71073 
2.49 to 30.51 
73909 
8526 
0.0216 
0.0482 
0.958 
1.451/-1.370 
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 37 x 2CH2Cl2 40`` 41a 
Identification code 
Empirical formula 
Formula weight 
Crystal system 
Space group 
Crystal size [mm] 
a [Å] 
b [Å] 
c [Å] 
Volume [Å3] 
α [°] 
β [°] 
γ [°] 
Z 
Density (calc.) [g/cm-3] 
µ [mm-1] 
Temperature [K] 
Wavelength [Å] 
Theta range [°] 
Reflections colected 
Independent reflections 
R1 with I0>2σ(I0) 
wR2 
GoF 
Largest diff. peak and hole [e/Å3] 
dl261 
C61H88AgCl4F3N2O3P4SSi4 
1472.30 
Monoclinic 
P21/n 
0.15x0.13x0.12 
12.61420(10) 
28.9259(3) 
19.7373(2) 
7185.85(12) 
90 
93.8010(10) 
90 
4 
1.361 
0.664 
100(2) 
0.71073 
1.98 to 29.13 
183929 
19315 
0.0447 
0.1038 
0.888 
2.623/-1.534 
dl180 
C32H40Cl2N2P2Pt 
780.59 
Monoclinic 
P21/c 
0.13x0.12x0.10 
8.62380(10) 
11.81400(10) 
15.4155(2) 
1570.34(3) 
90 
90.9410(10) 
90 
2 
1.651 
4.764 
293(2) 
0.71073 
2.64 to 29.20 
47158 
3951 
0.0165 
0.0345 
0.945 
0.670/-0.492 
dl165 
C23H37ClNP2Pt0.50Si2 
578.65 
Monoclinic 
P21/n 
0.19x0.17x0.14 
13.81520(10) 
13.17520(10) 
14.3713(2) 
2615.56(5) 
90 
90.8290(10) 
90 
4 
1.469 
3.032 
100(2) 
0.71073 
2.55 to 31.00 
95277 
8310 
0.0195 
0.0456 
0.980 
1.274/-0.459 
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 41c 43c 48 
Identification code 
Empirical formula 
Formula weight 
Crystal system 
Space group 
Crystal size [mm] 
a [Å] 
b [Å] 
c [Å] 
Volume [Å3] 
α [°] 
β [°] 
γ [°] 
Z 
Density (calc.) [g/cm-3] 
µ [mm-1] 
Temperature [K] 
Wavelength [Å] 
Theta range [°] 
Reflections colected 
Independent reflections 
R1 with I0>2σ(I0) 
wR2 
GoF 
Largest diff. peak and hole [e/Å3] 
dl200 
C46H74Cl2N2P4PtSi4 
1157.30 
Monoclinic 
P21/n 
0.15x0.15x0.13 
13.9443(2) 
21.8165(2) 
17.7705(2) 
5394.95(11) 
90 
93.6750(10) 
90 
4 
1.425 
2.940 
100(2) 
0.71073 
2.59 to 30.51 
185037 
16438 
0.0250 
0.0467 
0.902 
1.078/-3.150 
dl233 
C58H82Cl2N2P4PtSi4 
1309.49 
Triclinic 
P-1 
0.14x0.12x0.11 
13.5320(4) 
14.3564(4) 
16.7203(6) 
3050.74(17) 
86.394(2) 
80.621(2) 
72.177(2) 
2 
1.426 
2.609 
100(2) 
0.71073 
1.92 to 26.73 
68973 
12830 
0.0217 
0.0484 
0.923 
1.629/-1.059 
dl114 
C27.5H35Cl5NOP2PdSi 
769.24 
Monoclinic 
P21/c 
0.21x0.18x0.10 
24.352(2) 
13.1671(8) 
23.5856(14) 
7356.4(9) 
90 
103.414(8) 
90 
8 
1.389 
1.008 
100(2) 
0.71073 
2.62 to 27.10 
189548 
16151 
0.1814 
0.4484 
1.100 
7.035/-2.739 
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 49 50 x n-pentane 51 x CH2Cl2 
Identification code 
Empirical formula 
Formula weight 
Crystal system 
Space group 
Crystal size [mm] 
a [Å] 
b [Å] 
c [Å] 
Volume [Å3] 
α [°] 
β [°] 
γ [°] 
Z 
Density (calc.) [g/cm-3] 
µ [mm-1] 
Temperature [K] 
Wavelength [Å] 
Theta range [°] 
Reflections colected 
Independent reflections 
R1 with I0>2σ(I0) 
wR2 
GoF 
Largest diff. peak and hole [e/Å3] 
dl313 
C54H76Cl10N2P4Pd4Si2 
1713.33 
Triclinic 
P-1 
0.08x0.07x0.07 
11.4176(14) 
12.1152(12) 
13.7018(14) 
1648.3(3) 
75.901(8) 
88.944(8) 
64.310(9) 
1 
1.726 
1.649 
100(2) 
0.71073 
2.39 to 27.10 
57361 
7261 
0.0393 
0.0620 
0.728 
0.836/-0.694 
dl182 
C31.50H49ClNP2Pd0.50Si2 
648.49 
Triclinic 
P-1 
0.11x0.08x0.06 
10.9064(10) 
11.8999(9) 
15.0105(15) 
1651.2(3) 
72.316(8) 
73.090(8) 
64.920(8) 
2 
1.304 
0.571 
100(2) 
0.71073 
2.99 to 26.37 
48033 
6700 
0.0377 
0.0825 
0.913 
0.644/-0.664 
dl278 
C30H46Cl5NNiP2Si2 
774.76 
Orthorhombic 
Pna21 
0.11x0.05x0.05 
18.9706(4) 
19.9968(4) 
9.6220(2) 
3650.12(13) 
90 
90 
90 
4 
1.410 
1.073 
100(2)  
0.71073 
2.15 to 28.28 
116865 
8991 
0.0293 
0.0382 
0.755 
0.743/-0.387 
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 54 59 x 3CH2Cl2 60 x 2CDCl3 
Identification code 
Empirical formula 
Formula weight 
Crystal system 
Space group 
Crystal size [mm] 
a [Å] 
b [Å] 
c [Å] 
Volume [Å3] 
α [°] 
β [°] 
γ [°] 
Z 
Density (calc.) [g/cm-3] 
µ [mm-1] 
Temperature [K] 
Wavelength [Å] 
Theta range [°] 
Reflections colected 
Independent reflections 
R1 with I0>2σ(I0) 
wR2 
GoF 
Largest diff. peak and hole [e/Å3] 
dl266 
C42H52NNiOP3Si2 
794.65 
Monoclinic 
P21/c 
0.10x0.09x0.05 
15.7642(3) 
13.2837(2) 
19.4591(3) 
4074.15(12) 
90 
91.0760(10) 
90 
4 
1.296 
0.686 
100(2) 
0.71073 
2.00 to 29.13 
123512 
10953 
0.0348 
0.0456 
0.711 
0.925/-0.466 
dl226 
C54H74Cl7N2P4RhSi2 
1282.27 
Triclinic 
P-1 
0.32x0.23x0.22 
13.1315(2) 
13.5049(4) 
19.3964(4) 
2960.88(12) 
98.733(2) 
105.406(2) 
111.616(2) 
2 
1.438 
0.790 
113(2) 
0.71073 
2.25 to 26.73 
84342 
12501 
0.0276 
0.0740 
1.086 
1.199/-1.079 
dl244 
C41H58Cl7N2P4RhSi2 
1110.01 
Monoclinic 
P 21 
0.21x0.14x0.11 
8.7946(2) 
21.2633(2) 
13.8995(2) 
2507.09(7) 
90 
105.302(2) 
90 
2 
1.470 
0.921 
100(2) 
0.71073 
2.40 to 29.13 
80479 
13348 
0.0168 
0.0369 
0.998 
0.325/-0.232 
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 71 72 x 3C6D6 
Identification code 
Empirical formula 
Formula weight 
Crystal system 
Space group 
Crystal size [mm] 
a [Å] 
b [Å] 
c [Å] 
Volume [Å3] 
α [°] 
β [°] 
γ [°] 
Z 
Density (calc.) [g/cm-3] 
µ [mm-1] 
Temperature [K] 
Wavelength [Å] 
Theta range [°] 
Reflections colected 
Independent reflections 
R1 with I0>2σ(I0) 
wR2 
GoF 
Largest diff. peak and hole [e/Å3] 
dl305 
C24H32ClNPRh 
503.84 
Monoclinic 
P21/c 
0.23x0.21x0.18 
10.4456(2) 
11.1087(2) 
19.5921(4) 
2273.23(8) 
90 
90.711(2) 
90 
4 
1.472 
0.949 
100(2) 
0.71073 
2.68 to 31.00 
69303 
7226 
0.0200 
0.0412 
0.888 
0.429/-0.293 
dl281 
C47H44D18ClNP2RhSi2 
915.57 
Triclinic 
P-1 
0.15x0.13x0.11 
11.6954(4) 
13.6912(4) 
16.7316(6) 
2259.28(13) 
67.889(2) 
73.923(4) 
67.078(4) 
2 
1.346 
0.594 
100(2) 
0.71073 
2.16 to 27.48 
72643 
10320 
0.0209 
0.0447 
0.914 
0.362/-0.292 
 
 
 
 
 
 
 
 
 
 
 Lebenslauf 
 
Persönliche Daten: 
Name       Daniela Lungu 
Familienstand     ledig 
Geburtsort      Iasi, Rumänien 
Geburtstag      15. Oktober 1982 
Staatsangehörigkeit     rumänisch 
 
Schulausbildung: 
1989 - 1997      Grundschule Letcani, Iasi, Rumänien  
1997 - 2001      Gymnasium “G. Ibraileanu”, Iasi, Rumänien  
Juni 2001      Abitur 
 
Studium: 
Oktober 2001 - Juni 2005   Studium der Chemie an der Universität „Al. I. 
Cuza“, Iasi, Rumänien 
Juni 2005     Diplomprüfung 
Oktober 2005-September 2007  Masterstudium an der Universität „Al. I. Cuza“, Iasi, 
Rumänien 
Dezember 2005- September 2006  Studienaufenthalt am Institut für Anorganische 
Chemie an der TU Braunschweig 
Juni 2008     Masterprüfung 
Januar 2007   Beginn der Dissertation im Arbeitskreis Prof. Dr. du 
Mont am Institut für Anorganische und  
Analytische Chemie der TU Braunschweig 
Berufliche Tätigkeit: 
November 2006 - November 2007  Wissenschaftliche Hilfskraft am Institut für 
Anorganische und Analytische Chemie der TU 
Braunschweig 
Dezember 2007-    Wissenschaftlicher Mitarbeiter am Institut für 
Anorganische und Analytische Chemie der TU 
Braunschweig 
